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_Make Plans to Attend 


SILVER ANNIVERSARY MEETING 
OF THE 
FEDERATION OF 


SEWAGE AND INDUSTRIAL WASTES 
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IN CONJUNCTION WITH 
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Chicago Pumps for Sewage and Sludge 


SCRU-PELLER SLUDGE PUMPS 


The Scru-Peller Pump was specifically 
designed to handle sludge. Coarse stringy 
‘material is cut and cannot wrap or bind 
the impellers. 
1. SCREW and IMPELLER are keyed 
on the shaft and held firmly against 
a shoulder on the shaft by a nut. 
The screw has two flights; and the 
impeller has two blades. Each flight 
in the conveyor connects directly 
with its own blade of the impeller. 


CUTTING EDGES. There are four 
stellited cutting bars and a shear 
ring in the screw housing. There are 
four more cutting bars in the pump 
casing. The stellited edges of the 
serew and the edges of the impeller 
blades act against the cutting bars 
and shear ring, completely chopping 
all coarse solid material into small 
pieces that cannot clog or slow the 
pump. 


FLUSH-KLEEN EJECTORS 

FLUSH KLEEN pumps provide auto- 
matic, trouble-free service in sewage lift- 
stations. They require no manual at- 
tention except periodic lubrication and 
inspection. No labor is required for dis- 
assembling and cleaning clogged pumps. 
FLUSH KLEENS are absolutely clog 
proof. The impellers handle nothing but 
strained sewage, minimizing wear and 
maintaining pump balance. They are the 
only absolutely clog proof sewage pump. 
The FLUSH KLEEN will pump any- 
thing that will pass through the pipe 
regardless of type or quantity of material. 


FILLING WET WELL 
1. Sewage flows through inlet pipe. 
2. Coarse matter is retained on 
strainer. 
3. Strained sewage flows through idle 
pump to wet well. 


PUMPING 


3. Strained sewage is pumped from 
wet well. 

2. Coarse matter is backwashed from 
strainer. 

4. Special check valve closes; sewage 
and coarse matter are pumped to 
sewers. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


CMICAGO 14, ILLINOIS 

Kleen, Scru-Pelier, Plunger Swing Dittusers, Stationery 
and Veriical Now Clogs Mechanical Aeretors 

we Pumping Unum Claritiors Comminetere 
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FOR OPEN FLOW 


Builders Kennison Nozzle 
provides high-accuracy meter- 
ing of partially filled pipes or 
open channels. Extremely effi- 
cient from low to high rates of 
flow, this nozzle has a self- 
scouring action which prevents 
clogging by debris. Factory- 
built metering element elimi- 
nates costly and “tricky” field 
construction — greatly simplifies 
installation and assures accu- 
rate performance. 


FOR OPEN FLOW 


Builders Flo-Watch Instru- 
ment, with weatherproof case, 
is the perfect partner for the 
Kennison Nozzle. Completely 
protected against weather or 
tampering, this instrument gives 
you totalizing, indicating, and 
recording of flow right at the 
nozzle. Where economy of in- 
stallation is important, you can’t 
beat this meter. Builders also 
offers Chronoflo Telemeters and 
Pneumatic Systems for trans- 
mitting flow information to cen- 
tral control points. 


Write for descriptive Bulletins 135-F2, D11-300.20, 285-G2, and 230-H4. Builders-Providence, 
Inc. (Division of Builders Iron Foundry), 368 Harris Avenue, Providence 1, Rhode Island. 
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BUILDERS PROVIDENCE 

“Instruments, far recording, indicating, and controlling flow, liquid. 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Arex O. Taytor, Secretary 


Box 69 : 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.* 
Harry S. Jorpan, Sec.-Treas. 
c/o Sanitary Div. 
Arizona State Dept. of Health 
Capitol Building 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage Works Asen. 
Sam A. WEED, Sec.-Treas. 
Room 315, City Hall 
Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bidgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water Board 
Springfield, Ill. 
Dakota Water and Sewage Works Conf. 
North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 


c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section* 
E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. Dak. 


Federal Sewage Research Assen. 
Wittiam Davis, Sec.-Treas. 
Rm. 4218 
Fed. Security Bldg., 
Washington 25, D. 


Florida Sewage and ne Wastes Assn. 
Donato P Scuresswout, Sec.-Treas. 
Bureau of San. Eng. 
P. O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Asen.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


German Sewage Technologists Association 
Wituetm Bucxstese, Sec.-Treas. 
Schliessfach 1112 
Rubrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 

Wakefield, Yorks., England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1 
London, England 


lowa Sewage Works Assen. 
Leo Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage Works Assn. 
Dwicur F. Merzter, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn. 
Louisiana Conference on Water Supply and 
erage * 
Grorce L. West, Sec.-Treas. 
Water Dept. 
Lake Charles, La. 


* Sewage Works Section. 


Water and Sewerage 
sen. 
W. M. Brinotey, Sec.-Treas. 
2411 N. Charles St. 
Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334 Administration Bldg. 
Lansing 4, Michigan 
Missour! Water and ae Corf.* 
Warren Kramer, Sec.-Tre. 
c/o State Office Bide., Sixth Floor 
Jefferson City, 
Montana Sewage a Industrial Wastes Assn. 
. B. Foote, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Healt! 
Helena, Montana 


New England Sewage and Industrial Wastes 


Assn. 
Water E. Merritt, Sec.-Treas. 
c/o State Dept. of Health 
511-A State House 
Boston, Mass. 
ae Jersey Sewage and Industrial Wastes 
sen, 
Micuaet S. Kacworsky, Sec.-Treas. 
P. O. Box 76 
Manville, N. J. 
New York Sewage and Industrial Wastes Assen. 
C. Sweeney, Secretary 
c/e State Dept. of Health 
1 N. Broadway 
White Plains, N. Y. 
7 Carolina Sewage and Industrial Waste 
sen. 
E. C. Hupparp, Sec.-Treas 
North Carolina State Board of Health 
Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
J. E. RicHarps, Sec.-Treas. 
301 Ohio Depts. B 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and _ Industrial 
Wastes Asan. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Dept. 
More Hall 
University of Washington 
Seattle 5, Wash. 
—— Sewage and Industrial Wastes 
ssn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center 
Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rovert J. Auto, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832 
San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg. 
Denver, Colorado 
South Carolina Water and Sewage Works 
Asen.* 
W. T. Linton, Sec.-Treas. 
Wade Hampton Bldg. 
Columbia, c. 
Swiss Assn. of Water and Sewage Profes- 
sionals 
Water Darpet, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas. 
501 W. 33rd St. 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Asan. 
G R_ Tatcort, Sec.-Treas. 
415 W. Franklin St. 
Richmond 20, Va. 
— Virginia Sewage and Industrial Wastes 
sen. 
Gren O. Fortney, Acting Sec.-Treas. 
State Dept. of Health 
Charleston, W. Va. 
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DO YOU NEED 
A VENTURI METER 


Simplex Type H 
Venturi Meter 


When used with the proper kind of Venturi Tube, 
the Type H Meter measures sewage, sludge, and 
trade wastes as accurately as clear liquids. 

This type of meter is designed to operate under 
two maximum differential pressure heads. The 
first, 114.4” of water, permits measurement over 
a 13 to 1 range while the second, 64.5” of water, 
provides for a 10 to 1 measuring range. Standard 
meter design includes indicating, recording and 
totalizing mechanisms. 

Versatility of installation and adaptability to 
varying flow rates make the Type H Venturi 
Meter ideal for accurate, long-range measurement. 
Write for Bulletin No. 401 to Simplex Valve & Meter 
Company, Dept. 4,6719 Upland Street, Phila. 42, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Maryland-Delaware Water and 
Sewerage Association 


California Sewage Works Association 
Virginia Industrial Wastes and 
Sewage Works Association 


Michigan Sewage and Industrial 
Wastes Association 


Ohio Sewage and Industrial Wastes 
Treatment Conference 

New England Sewage and Industrial 
Wastes Association 

Alabama Water and Sewage Assoc. 

Central States Sewage and Ind. 
Wastes Assn. 

Pennsylvania Sewage and Ind. 
Wastes Association 

Iowa Sewage Works Association 


Rocky Mt. Sewage Works Assn. 


Kentucky-Tennessee Industrial 
Wastes and Sewage Works Assn. 


South Dakota Water and Sewage 
Works Conference 


Mo. Water and Sewerage Conference 


Place 


Wardman Park Hotel, 
Washington, D. C 


Casa Del Rey Hotel, 
Santa Cruz, Calif. 


Hotel Roanoke, 
Roanoke, Va. 


Park Place Hotel, 
Traverse City, Mich. 


Commodore-Perry 
Hotel, 
Toledo, Ohio 


Hotel Elton, 
Waterbury, Conn. 


Pitts Hotel, 
Auburn, Ala. 


Loraine Hotel, 
Madison, Wisc. 


Pennsylvania State 
College, 
State College, Pa. 


Grinnell College, 
Grinnell, Iowa 


Frontier Hotel, 
Cheyenne, Wyo. 


Andrew Johnson 
Hotel, 
Knoxville, Tenn. 


Marvin-Hughitt Hotel, 
Huron, So. Dakota 


Governor Hotel, 
Jefferson City, Mo. 


Time 


April 17-18, 1952 
April 23-26, 1952 
May 12-13, 1952 
May 19-21, 1952 


May 21-23, 1952 


May 22-23, 1952 
June 4-6, 1952 
June 25-27, 1952 


Aug. 27-29, 1952 


Sept. 9-11, 1952 
Sept. 15, 1952 


Sept. 15-17, 1952 


Sept. 17-19, 1952 


Sept. 21-23, 1952 


SILVER ANNIVERSARY MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
New York Sewage and Industrial Wastes Association 
Hotel Statler, New York City 

October 6-9, 1952 


Pacific Northwest Sewage and 
Industrial Wastes Assn. 


The Canadian Institute on 
Sewage and Sanitation 


North Carolina Sewage and 
Industrial Wastes Assn. 


Florida Sewage and Industrial 
Wastes Association 


Multnomah Hotel, 
Portland, Ore. 


Seigniory Club, 
Montebello, Que. 


Skyland Hotel, 
Hendersonville, N. C. 


San Carlos Hotel, 
Pensacola, Fla. 


Oct. 23-24, 1952 


Nov. 3-5, 1952 


Nov. 10-12, 1952 


Nov. 16-19, 1952 
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here's a YEOMANS Plant 
FOR EVERY WASTE TREATMENT NEED / 


OIGESTER 


7 
SPIRAFLO CLARIFIE! 
PRIMARY TANK 


SPIRAFLO CLARIFIER 
FIMAL TANK 


is Low RATE, HIGH CAPACITY TRICKLING FILTER PLANT IS ESTABLISHING AMAZING RECORDS 


FOR HIGH PURIFICATION AT EXCEPTIONALLY LOW COST 
Ov 
Clarifier combination. cially effective for 


OPERATIONAL DATA... SPIRAFLO—AERO-FILTER PLANT * 


Overall Plant 


Sus. 


Sus. 
Solids Solids 
PPM 


Per 
Cent 


6-15 
6-16 
6-17 
18 | 0. 
6-19 92.4 
6-20 


92.4 
6-21 240 138 75.7 92.0 


Average 0.2456 247 132 ‘ 71.0 . 01.5 
* Name of plant furnished on request, 


“Spiraflo” Advantages “Aero-Filter” Advantages 
@ Increased B.O.D. and settleable solids removal Thorough therefore 

race aroun e pirals 

downward slowly and enters A. @ Operating cost is lowest of any type of complete 

the of Uni- sewage treatment 

‘orm, slow usion of waste under the skirt Uninterru 

results in greatly reduced velocities and pro- bed 

vides maximum removal of settleable solids. freezing, ponding, filter flies 
@ Greater removal of finely divided particles—due © All returns made direct to the 

to upward flow through e blanket. This 

ive remo ely es ore 

waste enters the effluent weirs. Was .. 
e design minimizes construction treated by direct to the Aero-Filter 

without pr sedimentation. 


Bulletins containing full details and helpful engineering YEOMANS BROTHERS COMPANY 
data will be sent promptly upon request 1411 North Dayton Street, Chicago 22, Ill. 
Please send these bulletins: 
“Aero-Filter”— No. 6570 
“Spirafio” Clarifier—No. 6790 


COMPLETE LINE OF SEWAGE AND WASTE TERATMENT 


3 
: 
4 Raw Sewage Primary Effluent Final Effivent | x 
1949 Per Per 
juc- juc- 
PPM PPM | Redo = Gent 
93.0 
92.6 
| 92.4 
| 92.8 
= 
i 00.6 
92.0 
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“Tn water we 
: 
drink ninety per 
cent Of our maladies. 
When oxene ts added the 


microbes killed and 
the toxins ave burned.” 


Louis Pasteur. (1822-95 ) 


\ 
If Pasteur could see a modern 
Welsbach Ozone water treatment 
plant, he would add, “. .. objet- 
tionable odors, tastes and colors 
are eliminated.”’ 


Low-cost, efficient Welsbach Ozone will 
give you complete freedom from com- 
plaints about unpleasant taste, odor and 

color, And,..a Welsbach Ozone plant can 14 

pay for itself by eliminating the cost of ordinary ate 

chemicals. Add to that these other advantages: : 
no full time supervision or labor; no chemical 
procurement, handling or storage problems; and, 
of primary importance, constant and predictable 
operating costs. In short, Welsbach Ozone water treat~ . 

ment is easily controlled, dependable and economical. 


Welsbach’s research and engineering “know-how” can 
help you solve your water problems, Just write or phone-- 
we'll be glad to be of service—and without cost or obligation, 


Ww ACH 
ONE 
THE WELSBACH CORPORATION 


af 


& 


2409 W. Westmoreland St. © Philodelphia 29, Pa. 
oe af fe of 
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Parshall 
Venturi 


Flume 


lined with 


for measurement of sewage 


Flow measurement in open channels is 
readily obtained with this Parshall 
Venturi Flume. It has low head loss 
and can handle liquids containing 
solids because the solids can settle at 
no point. Its accuracy—satisfactory for 
most waste disposal problems—depends 
upon maintaining correct dimensions, 
particularly in the throat. 

In providing this flume in the 3 or 4 
smallest sizes, with accurate metering 
equipment, the Simplex Valve & Meter 
Co. realized that shifting forms, shrink- 
ing concrete, and erosion might set 
up sizable inaccuracies. Their solution 
was a liner of .1019-in. Everpur* 
(AxnaconpA Copper-Silicon Alloy) 
sheets welded to angle irons set in 
concrete. Everdur’s smoothness pre- 
vents solid accumulations where floor 


slope causes the flow to lose head. Over 
a long period of time this Parshall 
Flume will provide true flow measure- 
ment with minimum maintenance — 
thanks to the strength and corrosion- 
resistance of this built-up, light-weight 
Everdur structure. 

Everdur is produced in practically 
all commercial forms, including casting 
ingots. It can readily be cast, forged, 
formed, machined and fabricated by 
all the usual methods and is ideal for 
assemblies such as gates, screens, float 
chambers, weirs, troughs, manhole 
steps, gate guides, stems and bolts. 

For more information about Everdur, 
write for Publication E-11 to The 
American Brass Co., Waterbury 20, 
Conn! In Canada: Anaconda Amer- 


ican Brass Ltd., New Toronto, Ont. 
*Reg. U. S. Pat. Off. 52151A 


‘ ® 
specify Everdur ANACONDA copper-silicon Alloys 


STRONG WELDABLE WORKABLE CORROSION-RESISTANT 
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FOUR 20-MGD CENTRIFUGAL PUMPS (right) pump raw sewage into Oklahoma City’s Southam 
side Sewage Treatment Plant. Worthington Sewage Gas Engines (left) drive pumpaim 
Installation uses three other such pumps for recirculation, also driven by Worthington engine: 


An exact match 
for Oklahoma City’s needs 


The right equipment for new sewage plant 
selected from Worthington’s complete line 


An outstanding job in every way. That’s what To municipalities like Oklahoma City, Wom 
they’re all saying about the new Southside Sew- thington means getting all major public worl 
age Treatment Plant at Oklahoma City. equipment under one responsibility. Engines fam 

Seven giant Worthington 20-mgd centrifugal —_ any available fuel, the world’s most complete lig 
pumps used for pumping raw sewage and recircu- — of pumps, comminutors, air compressors, wa 
lation are driven by Worthington gas-engines treating equipment, motors, and power-tra 
that are fueled by methane gas from raw sewage. unieoien . 

equipment. 

Oklahoma City’s modern plant—like virtually 
every municipal installation—had special require- Write us—learn all the reasons why there’s mo 
ments. They met these requirements with Wor- worth in Worthington. Worthington Pump 
thington equipment—engines, pumps, and other Machinery Corporation, Public Works Divisio 
apparatus such as air compressors. Harrison, N. J. 


“Public Works 


quipn 


a 
= 
All Major Public Works Equipment Under One Responsibility 


SEWAGE AND INDUSTRIAL WASTES 


in 
This is no fire, 
officer. We're headin’ 
for Kansas City 
Missouri 
and the 
AW.W.A. Convention. | friends, May 4t09. 
And don't forget 
to look in on us at 
Booths 77 and 78. 


MATHEWS 


HYDRANTS 


Made by R. D. Wood Company 
Public Ledger Building, Independence Square, Philadelphia 5, Pa. 
Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 


Hey, buddy, 
; 
where’s the 
= fire? 
1 | 
=} Gas CK Vig 
q 
SS 6) (y 
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when it’s pumps, 
think of Economy 


The Mixed Flow Volute Pump illustrated is just one 
i of the many types in the extensive line manufac- 
tured by Economy Pumps, Inc. Available in capa- 
cities to 80,000 G.P.M., it is designed for service 
where large volumes of liquids are to be handled. 


Maintenance expense is held to a minimum. Case 
records show Economy Pumps operating for fifteen 
to twenty years without replacement of major parts. 
However, should repairs be necessary, all parts are 
renewable. 


Catalog No. F-1049 gives complete 
design and construction details. 
Address Dept. AC-4 for your copy. 


Centrifugal, Axial and Mixed Flow Pumps for all applications 


Economy Pumps Inc, 


Sedgley Ave. at 19th and Lehigh, Philadelphia 32, Pa. 
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Settleable solids and float- 


and Rotoline Skimmers. 


ing oils are separated in 
the two 9 x 52 x 6 ft. pre- 
liminary settling tanks by 
L-B Straightline Collectors 


PRELIMINARY SETTLING TANKS FLASH MIXER 


Link-Belt flash mixer intimately mixes alum and lime for flocculation. Slo 
mixing is performed by two L-B mixers, parallel to the flow, whose speed i 
varied by P.I.V. Variable Speed Drives. Two final settling tanks, 18 x 90 
8 ft., also have L-B Straightline Sludge Collectors and Rotoline Skimme: 


How to halt stream pollution 


FINAL SETTLING TANKS 


P 


TO LAGOON 


Completely LINK-BELT-equipped waste treat- 
ment plant removes oil and suspended solids 
al world’s largest freight classification yard 


TO LAGOON 


CooperATING with Pennsylvania's Clear 
Streams Program, the Pennsylvania Railroad 
recently completed an efficient waste treatment 
plant at their Enola (Pa.) yards. Designed by 
Gannett, Fleming, Corddry & Carpenter, Inc., 
consulting engineers, the plant is laid out for 
an average flow of 2.0 mgd, with a 4.0 mgd 
maximum storm flow. 

To separate efficiently the solids and oils re- 
sulting from locomotive washing, ash quench- 
ing, sanitary sewage and storm water, surface 
loading is carefully controlled. At design flow, 
the preliminary tanks are limited to 2140 


SLUDGE TO LAGOON 


gal. per sq. ft. per day .. . the final tanks to 
260. Sludge and oil removed are lagooned. 
Whether it’s for a compact industrial waste 
plant or a large metropolitan water or sewage 
treatment works, you'll find it pays to rely on 
Link-Belt equipment. Our sanitary engineers 
will work with your consultants and chemists 
—help you get the best in modern water, 
sewage or industrial liquids treatment. 


LINK-BELT COMPANY: Chicago 9, Indianapolis 6, Phil- 
adelphia 40, Atlanta, Houston 1, Minneapolis 5, San Fran- 
cisco 24, Los Angeles 33, Seattle 4, Toronto 8, Springs 
(South Africa). Offices in principal cities. 12,588-A 
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PEKRUL GATES ore engineered to 
BF Mules Gater meet the most rigid requirements 


36” x 48" Back Pressure } for: 
Flanged Type 


fa Flood Control 
Levees 

Irrigation 

Water Works 
Dams 

Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 


Fish Hatcheries 
Rearing Ponds 


Recreation Pools 


Cooling Towers 


Steel Mills 
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MORSE MACHINERY 
DENVER, COLORADO 
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SEWAGE AND INDUSTRIAL WASTES 


Keep This Angle in Mind 


...that when you want to move big volumes of sewage or 
storm water economically, your best bet is Fairbanks-Morse 
Angleflow Pumps. Designed for maximum plant efficiencies 
where large eenee must be pumped against moderate 


heads, these dependable pumps give you a new high in 
service... a new low in operating and maintenance costs. 
Wide, unobstructed poe through impeller and volute 
make them especially suitable for handling debris-filled 
water. Sizes range from 8 to 54 inches... capacities up to 
80,000 g.p.m. For complete information see your local 
Fairbanks-Morse Branch or write Fairbanks, Morse & Co., 
600 S. Michigan Ave., Chicago 5, III. 


® FAIRBANKS-MORSE. 


@ name worth remembering 


PUMPS + DIESEL LOCOMOTIVES AND ENGINES - ELECTRICAL MACHINERY + SCALES 
HOME WATER SERVICE EQUIPMENT + RAIL CARS - FARM MACHINERY - MAGNETOS 
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Above 
fective coagulatien ded 

tion of turbid wo: 
General Chemical 


SEWAGE PLANT OPERATORS 


For Clarification or Sludge Drying 


INVESTIGATE THE ADVANTAGES 


in usinc GEWERAL CHEMICAL “ALUM” 


SEWAGE AND INDUSTRIAL WASTES 


Clarification 


Sludge Drying 


3 


Dry feeds well or dissolves readily for ~~ 
solution feeding 


Clean and easy to handle 


Requires only low-cost feeding equip- 
ment and minimum attention 


lelps sludge digest readily 
Speeds sludge drying with minimum odor 


Above: Sludge bed treated with 
Genera! Chemica! Alum to hasten 
dewatering. 


roduces clear, low-color effluents 


educes chlorine consume 


CHEMICALS 


GOR 


Wherever your plant may be—America over—you will find 
General Chemical “Alum” is always the same high quality .. . 
always uniform . . . always readily available from coast-to-coast 
producing and shipping points. To you, that means increased 
efficiency, stepped-up economy in your clarification and sludge 
drying operations. So be sure. Get the best; specify General 
Chemical ‘‘Alum’’—the preferred “Alum.” 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany * Adianta * Balumore * Birmingham Boston ¢ Bridgeport 


Butfalo * Charlouwe * Chicago * Cleveland * Denver * Detroit * Houston 
Jacksonville * Los Angeles * Minneapolis * New York ¢ Philadelphia 
Pittsburgh * Providence * San Francisco * Seattle * St. Louis * Yakima (Wash. ) 
In Wisconsin : General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto * Vancouver 
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SEWAGE AND INDUSTRIAL WASTES 


Circular Collectors 


Types for every waste treatment problem 


@ FsiGned ror 
EFFICIENT LONG- 
TERM OPERATION 


@ ENGINEERED FoR 
USE IN CIRCULAR 
OR SQUARE TANKS 


@ SELECTION oF 
DRIVES TO MEET 
YOUR SPECIFICATIONS 


@ cLaririow rHick- 
ENERS FOR FLUE 
DUST CLARIFICATION 


TRACTOR DRIVE COLLECTOR 


This pier-supported collector is de- by a two-wheeled, rubber tired tractor 
signed for circular tanks. The rotating unit running on the rim (or effluent weir 
bridge acts as the lever arm rotating a _— wall of the tank). Drive unit is simple, 
sturdy center cage which carriesthe col- _— easily accessible, and not affected by 
lector arms. Rotational forceis provided = snow or ice. 


PIER DRIVE COLLECTOR 


The Pier Drive Collector is recom- 
mended where it is undesirable to 
operate a Tractor Drive...where the 
access bridge must be stationary, or the 
corners of square tanks must be scra 
Center drive mechanisms, ranging rom 
1/2 to 10 horsepower, are built for long 
life and heavy duty service. Worms are 
SUSPENDED COLLECTORS are used carburized and ground steel.and pre- 
where a simple bridge can spanthetank Cision meshed with hardened bronze 
diameter. In this case, the complete | worm wheels. The balls run in hard- 
motor and drive assembly, together with ened, ground, renewable ball races. 

the drive tube and collector arms, are 
suspended from the bridge. 


WRITE FOR BULLETIN 9W65 
CLARIFLOW THICKENER 


This unit utilizes the principles of fluid 
mechanics, so highly developed in 
Walker sedimentation units. It removes 
all settleable solids and remarkably clar- 
ifies the flow. All parts are sturdily 
built ...designed for “tough” jobs. 


TORY ENGINEERING OFFICES 
PROCESS EQUIPME ILLINOIS 


PROGUIP WALKER PROCESS EQUIPMENT INC. 
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Installing concrete pipe for river and land sections of new 
Tampa sewer line. Greeley and Hansen, Chicago, engineers. 


T eliminate pollution of its river and bay waters, Tampa, Fla. 

built an extensive new sewage system. Designed for the future, 

it will serve a metropolitan area population in the year 2000 expected to 
be nearly three times greater than Tampa’s present population. 


New facilities include intercepting sewers, pumping stations, force mains, 
lateral sewer extensions, six crossings beneath river and harbor 
channels, a treatment plant with a 36 mgd primary treatment capacity, 
and a subaqueous outfall. Almost 18 miles of concrete pipe were used. 


Like Tampa, hundreds of other cities have chosen concrete 

pipe for sewers because in thousands of installations it has demonstrated 
rugged durability, great structural strength, minimum infiltration 

and leakage, maximum hydraulic capacity and tremendous resistance to wear 
from abrasive matter. Concrete pipe is moderate in first cost, requires 

little or no maintenance, serves longer. Result: low annual cost. 
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Engineers Smith and Gillespie specify 


Metal surfaces throughout the 
Jacksonville Beach Water 
Softening Plant retain a last- 
ing high-gloss finish with 
Glamortex and Ramuc Utility 
Enamels. And their superior 
performance means long-range 
economy as well. 


Jacksonville, Florida, engineers choose INERTOL coatings 


NERTOL PAINTS 


for these sparkling Florida plants 


Glamortex —an alkyd resin 
enamel —adds a glossy mar- 
resistant finish to machinery, rail- 
ings, piping and non-submerged 
metal surfaces in Orlando’s Sew- 
age Treatment Plant. Sturdy 
Inertol Standard Thick protects 
submerged metal surfaces. 


developed especially for water works and sewage plants 


@ When “specification” time rolled around, 
Consulting Engineers Smith and Gillespie 
selected Inertol Paints to keep these Florida 
installations protected and bright looking. 
Following Inertol recommendations, they dis- 
covered Inertol coatings that met their exact 
requirements for hardness, elasticity, weather- 
resistance, etc. 

Each product in the broad Inertol line has 
been proved in thousands of installations in 


all parts of the country. Our Field Techni- 
cians will gladly discuss the superior perform- 
ance and substantial economy of the Inertol 
line. Send today for our free “Painting Guide,” 
prepared especially for Consulting Engineers, 

ign Engineers and Specification Writers. 
It indicates the most suitable type coating 
for every surface. Plant Superintendents and 
Contractors will also find it invaluable. You'll 
refer to it time and again! 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


27 South Park, Department 2 
San Francisco 7, California 
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WAY AHEAD 
in water treatment 


Here’s a complete water works in a small package—the jaas— 
for Field Crew Drinking Supply, Engine Cooling, Boiler Feed, 
Small Domestic Supplies, Chemical and Manufacturing Process. 


The source of water doesn’t matter. jas versatility has been 
demonstrated in hundreds of installations treating 5 to 100 gallons 
per minute... equally effective for softening, clarifying and 
sterilizing or removing organic matter, tastes and odors... 
providing a water supply to meet the most exacting standards. 

A JBAS gives you control of water quality with little supervision. 

It conserves space, reduces installation costs. A ypas can be readily 
moved if necessary. Write today for complete description— 
Bulletin 1845. 


IMFILCO INC. Tucson, Arizona Plants in Chicago & Joliet, Illinois 


FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 


World's Leading Manufacturers of Water Conditioning and Waste Treating Equipment 
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Here’s Help on 
Your Campaign for 


CLEAN WATERS 


General Electric helps make your pollution- 
control program a success in three ways: 


1. Aids you in winning public support 
through the G-E packaged program 
“Modern Sewage Treatment”’ includ- 
ing the color sound movie Clean 
Waters. 


2. Assists your engineers or consult- 
ants in the formation of electrical plans. 


3. Manufactures a complete line of 
dependable electric equipment for 
sewage treatment plants. 


To take advantage of this complete, 
three-way service, contact your G-E repre- 
sentative early in the planning stage when 
he can help you most. General Electric 
Co., Schenectady 5, N. Y. 


Unit Substations 
G-E application engineers select products like 


these to form the co-ordinated electrical system G a N E R A L @ E L - CT RIC 


that exactly fits your plant requirements. 
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to aid peak 
defense production 


Collect and Sell 


your and 


Steel 


Mr. Q-Check says dig for scrap metal 
—search every nook and corner of your 
pipe yard—scrape the bottom of the bar- 
rel! For iron and steel scrap is critically 
needed to aid peak defense production 
in steel mills and iron foundries. 


The average pipe yard has some or 
all of the following sources of scrap 
metal, according to whether pipe is used 
for water, gas, sewerage or industrial 
service: 


Obsolete fittings; cut pipe (short pieces 
of distribution or service pipe); damaged 
hydrants, valve boxes, manhole covers, 
etc. It all adds up to a vital contribution 
to defense production. 


Collect your scrap now. Phone your near- 
est scrap dealer. He wants what you have 
but quick, and pays good cash prices. 


CAST IRON PIPE RESEARCH ASSOCIATION . . . CHICAGO 
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iothe word forthe Dernce Vacuator 


Here are Three Ways it can be utilized 


to solve your problems... 


AS A PRE-TREATMENT UNIT 


At overflow rates of 5000 to 
7500 gal./sq. ft./24 hrs., the 
Vacuator can serve as a com- 
plete pre-treatment unit, 
removing scum, grit and a 
substantial percentage of sus- 
pended solids—also thicken- 
ing excess secondary sludges. 


AS A SCUM-REMOVAL UNIT 


2 


At overflow rates of 5000 
gal./sq. ft./24 hrs., the Vacu- 
ator can be used for the treat- 
ment of oil, cannery, packing 
house, laundry and similar 
tough-to-handle wastes. 


AS A GREASE-REMOVAL UNIT 


3 


Overflow rates as high as 
10,000 gal./sq. ft./24 hrs. can 
be used when the primary 
function of the Vacuator is 
grease removal from domes- 
tic or industrial wastes, 


EXAMPLE: 


At McAlester, Oklahoma's 
new West Sewage Treatment 
Plant a 12’ dia. Vacuator re- 
moves scum, grease and grit 
from incoming screened sew- 
age, prior to two-stage trick- 
ling filter treatment. Operat- 
ing results show removals of 
46.6% of suspended solids 
and a 284% reduction in 
B.O.D. 


EXAMPLE: 


Scum-forming cannery wastes 
virtually put the Palo Alto, 
California Sewage Treatment 
Plant out of commission five 
months of the year. A 35" dia. 
Vacuator, followed by second- 
ary treatment, completely 
solved the problem by remov- 
ing an average of 43.6% of 
suspended solids, 58% of 
settleable solids and 8.4% of 
B.O.D. during the canning 
season. 


EXAMPLE: 


At Patuxent River, Maryland, 
a 14 dia. Vacuator removes 
heavy “slug loads” of grease 
ahead of primary treatment. 
Removals average 50% of sus- 
pended solids and a 51% re- 
duction in B.O.D., enabling 
the standard Dorr Clarifier 
which follows to function 
smoothly without auxiliary 
equipment. 


These examples illustrate but three of the many ways in which the compact, three- 
product Vacuator is successfully solving difficult problems. If you think vacuum- 


flotation could help you, write for Bulletin #6301. 


WORLD - WIDE RESEARCH 
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Sewage Works 


EXPERIMENTAL STUDIES 


ON THE 


CONCENTRATION OF RAW SLUDGE * 
By J. F. Lasoon 


Consulting Engineer and Chairman, Board of Allegheny County Sanitary 
Authority, Pittsburgh, Pa. 


One year of laboratory research has 
been confirmed by one year of pilot 
plant operation to demonstrate that the 
concentration of raw sludge by flota- 
tion through biological means aided 
only by temperature and time controls 
is practical and can yield average daily 
solids concentrations of 20 per cent 
and, in addition thereto, can produce 
a sludge which can be dewatered suc- 
cessfully on a vacuum filter without the 
aid of conditioning chemicals. Fur- 
thermore, a short period of digestion 
experiments on concentrated sludge at 
the pilot plant offers support to 
Keefer’s (1) conclusion that concen- 
trated sludge can be digested success- 
fully. This would result in great sav- 
ings in cost of installation and opera- 
tion of digestion tanks, sludge beds, 
and vacuum dewatering. 

Concentration of sludge in the raw, 
activated, and digested states has been 
the subject of much study, discussion, 
and writing, particularly in the case of 
activated sludge, which is produced in 
large quantities with high moisture con- 
tent. The high moisture content of 
activated sludge has served to point 
to the need for concentrating it in 
order that costly sludge disposal facil- 
ities may be reduced in size and cost 
and even simplified. The cost of in- 


* Presented at 24th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Associations; St. Paul, Minn.; October 8-11, 
1951. 


stallation and operation of digestion 
facilities, with the difficulties due to 
great quantities of supernatant, may be 
reduced almost in proportion to reduc- 
tion in moisture content of the raw 
sludge. Dewatering facilities likewise 
are expensive and troublesome, whether 
the sludge is to be dried and prepared 
as a fertilizer or incinerated, either in 
the raw or digested form. 

In the preparation of the compre- 
hensive report for the Allegheny County 
Sanitary Authority issued January, 
1948, and in the subsequent activities 
in the preparation of design plans and 
specifications for the Pittsburgh proj- 
ect, which is to serve 63 municipalities, 
including the City of Pittsburgh, and 
estimated to cost $60,000,000, the sew- 
age treatment facilities have been 
studied with a view to producing a 
plant which would be simple in form 
yet most economical under the condi- 
tions that a 50 per cent removal of 
B.0.D. was to be obtained in the initial 
installation. 

Early studies lead to the conclusion 
that the simplest and most economical 
layout should include provisions for 
incineration of sludge, whether in the 
raw or digested state. A plant for the 
incineration of raw sludge would be 
simpler in form than one providing for 
digestion and incineration of sludge as 
well as power generation from the gases 
produced by digestion. Later studies 
developed that the most economical 
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project, as well as the one involving the 
simplest layout for operation, should 
include facilities for the dewatering 
and incineration of raw primary sludge. 
Yet this type of plant could be made 
simpler and less involved if the costly 
and troublesome dewatering facilities 
(by means of vacuum filters) could be 
replaced with facilities for sludge con- 
centration so that the concentrated 
sludge might be incinerated directly 
without mechanical dewatering. Fur- 
thermore, if the concentration of sludge 
could be accomplished without the aid 
of chemicals, an important step would 
be made toward further simplifying the 
design and operation of sludge disposal 
facilities. 

A search revealed that two sewage 
treatment plants in Ohio were incinerat- 
ing sludge directly without mechanical 
dewatering and without the aid of 
coagulating or conditioning chemicals ; 
namely, Ashland (2) and Piqua. Both 
are makeshift operations from this 
standpoint. Ashland originally in- 
stalled vacuum filters for dewatering 
purposes and a multihearth incinerator 
for the disposal of the dewatered 
sludge. However, when small plant 
difficulties with complicated operations 
of this kind develop and it becomes 
necessary to store raw sludge so that 
repairs to the dewatering equipment 
can be made, or whenever hard-to-find 
and costly conditioning chemicals be- 
come a real problem, as during the last 
war, things begin to happen. It was 
observed at Ashland that the sludge in 
the storage tanks had partially floated 
and concentrated without artificial aid 
so that by withdrawing the subnatant 
and supernatant, which had formed in 
lenses, thus dropping the concentrated 
sludge to the bottom of the tank, the 
sludge could be pumped directly to the 
incinerators for disposal. Although 
supplementary fuel was necessary for 
proper combustion, the over-all cost was 
warranted under the circumstances; 
from that time on, dewatering by means 
of vacuum filtration was abandoned. 


April, 1952 


In 1948, the average sludge concentra- 
tion at Ashland over two test periods 
made by the Sanitary Authority, total- 
ing five days, was 15 per cent. (The 
test periods exclude one day when a by- 
pass valve was left open and dilute raw 
sludge from the primary tanks was ac- 
cidently admitted to the incinerator. ) 
The Piqua plant is said to produce a 
sludge concentration of about 10 per 
cent before incineration. Neither of 
these plants added heat to the concen- 
trating sludge. Also no attempt was 
made to control concentration on a time 
basis. 

Extensive studies of the Ashland 
operation, supported by laboratory re- 
search made by the Authority, led to 
the finding that there was nothing un- 
usual about the character of the Ash- 
land sewage and sludge to cause con- 
centration by flotation and that sludges 
from sewage treatment plants in the 
Pittsburgh district reacted similarly. 
Laboratory studies were then con- 
ducted on raw sludges obtained from 
treatment plants located at Ashland 
and Cleveland, Ohio, and Uniontown, 
3utler, Penn Township, and Waynes- 
burg, Pa. The studies were made at 
various temperatures from 20° to 60° C. 
with various periods of concentration 
ranging from 1 to 11 days. It de- 
veloped that 35° C. was the optimum 
temperature and 5 days was the most 
economical period of concentration in 
conjunction with this temperature. 
The laboratory results were confirmed 
later in a pilot plant, which was started 
in operation by the Sanitary Authority 
in September, 1950. 


Other Evidence of Sludge 
Concentration 


Much has been written about con- 
centration of sludges by settling. How- 
ever, because this paper is devoted ex- 
clusively to the concentration of sludges 
by flotation, reference generally is 


given only to those articles and patents 
dealing with concentration of sludge 
by flotation. 
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Irwin (3) has patented a method of 
concentrating digested sludge by flota- 
tion caused by the addition of chem- 
icals. The sludge is drawn off the bot- 
tom of the tank after the subnatant is 
removed and then powdered and used 
as a fertilizer. 

The Peck (4) patent is based on the 
flotation of activated sludge in the 
presence of aerobic bacteria aided by 
heat and the addition of sulfurie acids 
or other chemicals to promote the evolu- 
tion of gas, which causes the solid 
matter to rise to the surface of the 
tank. 

Kelly (5) claims to produce flotation 
by application of vacuum to an encased 
body of liquid suspension with con- 
tinuous removal of floating particles. 
The liquid must be gas-containing 
(compressed air or CO,). 

Green (6) in his patent uses a ‘‘solids 
concentrating chamber’’ on the roof 
of a digester. Raw sludge is passed 
to the solids concentration chamber 


in suspension in a substantially con-- 


stant stream where aerobie conditions 
are preferred. The sludge thickens, 
settles, and passes into the digestion 
tank below; the supernatant is with- 
drawn to the clarifier. No mention is 
made of flotation, but the descriptive 
matter in the patent papers obviously 
refers to compacting by settling. No 
heat or time control is used. 

An editorial (7) as early as 1931 
stated ‘‘ Another marked improvement 
in digestion of sludge would be avail- 
able if fresh solids could be so concen- 
trated before entering the digestion 
tank that it would be unnecessary to 
draw off supernatant liquor .. . it is 
undoubtedly desirable to reduce the 
volume of supernatant liquor as much 
as possible by preliminary concentra- 
tion of incoming solids.’’ 

Pearse (8) in 1924 pointed out that 
activated sludge was coagulated with or 
without heat and floated for ready re- 
moval; Fort Worth, Tex., Urbana, IIL, 
and New Britain, Conn., are cited as 
examples. Solids concentrations of 10 
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to 15 per cent were obtained at New 
Britain. 

Downes (9) in 1934 reported concen- 
tration of digested sludge by flotation 
by the addition of chemicals, which 
caused coagulation and gasification. 
The sludge was raked off at the top and 
the liquor was withdrawn at the bottom 
on a continuous basis. 

Rudolfs (10) in 1943 wrote on the 
concentration of activated sludge by 
treatment with acids, which caused 
flotation. He also reported on results 
obtained on concentration of activated 
sludge by treatment with calcium hypo- 
chlorite and stated that turbid liquors 
can be clarified by treatment with acids 
or iron coagulants. Rudolfs points out 
that chemically treated activated sludge 
floated with equal facility whether or 
not inert materials were added and that 
the gas is intimately held, and with a 
considerable force, by the sludge. The 
article develops that gases produced by 
biological activities are of importance 
and that CO,, particularly, can be used 
to enhance flotation. 

Goudey, Keefer, Rudolfs, and Donald- 
son (11) in a symposium on ‘‘Concen- 
tration of Sewage Sludge’’ reported on 
findings at Los Angeles, Baltimore, 
Elizabeth, N. J., and New York City, 
respectively; Goudey on settled ac- 
tivated and fresh solids, Keefer on 
settled waste activated sludge, Rudolfs 
on settled fresh solids which were 
barged to sea, and Donaldson on settled 
digested and activated sludge. Rudolfs 
makes the observation that the ‘‘Com- 
paction of activated sludge has been 
the subject of experiments over several 
years, using chemicals, inert materials, 
poisons and gases. In studies on flota- 
tion it was indicated that a dense sludge 
can be produced by the use of calcium 
hypochlorite. The initial concentration 
does not appear to be important, but 
the degree of oxidation and size of floc 
are both factors.’’ He also states ‘‘In 


the concentration of sludges, the char- 
acter of the sludge is of great impor- 
The initial concentration, time 


tance. 
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and temperature have varying effects 
on fresh, activated and digested solids. ’’ 
Rudolfs also wrote in detail on the 
Elizabeth, N. J., results of concentra- 
tion by settling (12). 

Krause, at Peoria, Ill., developed a 
method of coneentrating activated 
sludge by reaeration of partially di- 
gested activated sludge mixed with 
digested primary sludge causing flota- 
tion of solids, which were removed con- 
tinuously from the top by means of a 
screw conveyor attached to the skim- 
ming mechanism of the clarifier, This 
produced a concentration of 8 to 10 
per cent. It is said that the process 
has been abandoned as being uneco- 
nomieal. 

Rudolfs and Logan (13) in 19438 
cited a number of factors, which have 
been confirmed by the pilot plant 
studies made at Pittsburgh. The au- 
thors reported laboratory experiments 
on the concentration of raw and di- 
gested sludge by flotation by means of 
heat and time. It was found that 
37° C. was the optimum temperature 
for raw sludge and 55° C. for ripe 
sludge; that fresh solids float, but con- 
tinue to compact, whereas ripe sludge 
sinks; that compacting of the sludge 
takes place at the surface of the liquid; 
that the floating and subsequent com- 
pacting appears to be related to the ac- 
tivities of gas-forming (mainly CO.) 
organisms; that after a period of 120 
hr. of compacting, the temperature ef- 
fect is more pronounced than after 96 
hr.; that continued time of compacting 
does not increase appreciably the final 
concentration at the supposedly opti- 
mum temperature of 37° C.; that the 
concentration reached after a given 
time of compacting at a definite tem- 
perature depends upon the initial con- 
centration of the solids; that floating 
of sludge may be a desirable method 
of compacting for ultimate sludge dis- 
posal, but becomes detrimental to puri- 
fication of the liquor when allowed 
in settling tanks; and that the prac- 
tical significance of inducing inereased 
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sludge concentration is obvious for di- 
gestion, sand bed drying, vacuum de- 
watering, and incineration. 

Rankin (14) in 1948 stated that 
‘*Consideration must also be given to 
the percentage of volatile matter in the 
solids, percentage digested, and, most 
important of all, the water content of 
the sludge.’’ The further observation 
is made that the best place to thicken 
sludge is ahead of the digester, pref- 
erably in the primary sedimentation 
tanks. The author gives curves for 
wet sludges ranging from 1.6 to 12 per 
cent dry solids to indicate that the di- 
gester capacity in this range varies 
directly in proportion to the solids con- 
centration of the raw sludge. Thus, a 
raw sludge with a concentration of 12 
per cent solids would require one-half 
the digester size that a 6 per cent 
sludge would require. 

Keefer (1) produced experimental 
data to show that concentrated sludge 
ean be digested successfully with a 
‘gradual increase in the digestibility of 
the sludge as its moisture was increased 
from 67.5 to 85.1 per cent (32.5 to 
14.9 per cent solids). 


Laboratory Studies on Sludge 
Concentration 


Laboratory studies at Pittsburgh on 
concentration of raw sludge and the 
effect of volatile matter, initial solids 
content, temperature, and time, prior 
to the installation of the pilot plant, 
involved 214 samples of various sludges 
taken from six sewage treatment plants, 
as already enumerated. Experiments 
on concentration of mixtures of raw 
and activated sludges from the Cleve- 
land, Ohio, and Penn Township, Pa., 
sewage treatment plants were con- 
ducted on 10 samples with varying 
success. 

After it was found that raw sludge 
from various sources could be concen- 
trated satisfactorily, the principal 
work of the laboratory was directed 
toward finding the optimum tempera- 
ture at which the highest concentra- 
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tions could be developed in the short- 
est time. In this series of tests the time 
and temperature effects were deter- 
mined from the standpoint of practical 
results, after which the character of the 
raw sludge was studied to determine, 
if possible, the factors which would re- 
tard concentration by flotation. It was 
found that volatile solids and pH were 
the most important factors affecting 
concentration by this method. None of 
the tested sludges contained inhibitive 
values with respect to volatile solids 
and pli except when grit chambers 
failed to function properly, thus caus- 
ing the volatile solids to fall to a 50 
per cent content or even less, as was 
found on oceasion with raw sludge from 
a certain sewage treatment plant. Raw 
sludges, even with a 50 per cent volatile 
solids content, were concentrated suc- 
cessfully except when there was an 
excess of heavy silt, which served to 
drown out almost completely all bae- 
terial action. It was found that sam- 
ples with unusually low volatile con- 
tent, when concentrated by flotation, 
were quite sensitive to movement, which 
in time caused part of the sludge to 
settle to the bottom. Values of pH suf- 
ficiently high to inhibit bacterial action 
will also inhibit coneentration by bio- 
logical flotation. 

The first concentration determina- 
tions were made with Imhoff cones and 
later with 2-gal. jugs, 2-in. and 4-in. 
glass tubing in various lengths, and, 
finally, 10-ft. and 20-ft. sections of 6-in. 
glass pipe. Another set of experiments 
was conducted in 50-gal. drums open 
at the top. The 20-ft. length of 6-in. 
glass pipe was used to determine the 
effect, if any, of hydrostatic pressure 
on the upward movement of sludge 
when concentrated by flotation. It was 
observed that the column of sludge 
when rising to the top showed signs 
of retardation due to adherence to the 
sides of the glass tubes and pipes, which 
steadily increased as the sludge com- 
pacted and thus exerted greater pres- 
sures on the side of the container. 
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Large vessels would permit freer up- 
ward movement of rising sludge by the 
elimination of most of such side frie- 
tion. This may have been one of the 
factors which produced lower concen- 
trations in the laboratory experiments 
than were actually developed in the 
pilot plant operations. The initial 
depth of raw sludge (in a 20-ft. height 
of glass pipe) seemed to have no effect 
on the degree of concentration, neglect- 
ing the effect of side friction. 


Temperature Studies—Raw Sludge 


Temperatures were studied in steps 
of 5° from 20° to 60° C. 

Raw sludge was concentrated by flo- 
tation at 20° C., but it usually took 48 
hr. before the sludge began to rise as 
compared with complete flotation in less 
than 24 hr. with preheated raw sludge 
at the optimum temperature of 35° C. 
As the temperature becomes greater, 
specifically at 55° and 60° C., the evolu- 
tion of gas is so rapid as to keep the 
sludge in active suspension, thus pre- 
venting compaction by flotation and 
causing the gases to escape from the 
sludge. The sludge will rise to the top, 
but fall back in a short period of time 
as the gases escape. Table I illustrates 
the effect of temperature at 60° C. on 
raw sludge over a period of 120 hr. 
The sludge floated completely at the 
end of 2 hr., but began to settle an 
hour later. At the end of 120 hr. ap- 
proximately 10 per cent of the sludge 
was on the bottom and the rest on top. 

Table I also gives the similar data 
with the same raw sludge at 22° C., 
also for a 120-hr. period. In this case 
0.5 per cent of the sludge was on the 
bottom at the end of the period. 

Figure 1 shows curves giving concen- 
trations at the end of 120 hr. with the 
same sludge at various temperatures. 
Two sets of curves are shown for two 
different sludges on different days. 
Figure 2 gives the result of concentra- 
tion of a sludge containing an average 
of 50.5 per cent volatile solids at various 
times of concentration ranging from 48 
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TABLE I.—Effects of Temperature on Concentration 


Time After . 
Sample! Filling ap. 
(hr.) : 


| Supernatant 
(ml.) 


Subnatant Settled Solids 


Floating Solids 
(ml.) (ml.) 


22 
22 
23 
24 
23 


Penn Twp. 


Penn Twp. 


48 
120 


SSSSSSS 


0 
940 


! Sludge is the same raw sludge at both 22° C. and 60° C.; both tests begun Nov. 23, 1949. 


2 Volume increased. 


to 120 hr. at 35° C. This illustrates 
the possibility of concentrating by flo- 
tation, sludge containing an unusually 
low volatile solids content. This sludge, 
due to its unusual character, concen- 
trated almost to the maximum within 
48 hr., which is not to be expected with 
high-volatile sludges. 

In the laboratory tests in tempera- 
ture ranges of 30° to 40° C. and with 
volatile solids greater than 50 per cent 
in the raw sludge, all of the sludge 
floated and none was left on the bot- 
tom of the container, except in rare 
instances. 


Concentration of Activated Sludge 


Activated sludge, without admix- 
tures, would not concentrate by flota- 
tion. The sludge turned septie within 
a few hours after being placed in the 
containers and settled to the bottom. 
Activated sludge containing 0.4 per 
cent solids concentrated to 4.5 per cent 
solids after settling within 24 hr. 

Samples of Cleveland, Ohio, and 
Penn Township, Pa., activated sludge 
were mixed in a proportion of two parts 
of activated and one part of primary 
sludge by volume and placed in con- 
tainers to concentrate at various tem- 
peratures. The Cleveland activated 


sludge mixed with primary activated 
sludge at 31° C., concentrated from 
3.4 per cent total solids in the initial 
mixture, to 6.1 per cent total solids in 
120 hr. At the end of the 24 hr. ap- 
proximately 70 per cent of the sludge 
had floated and the remainder was on 
the bottom. The sludge continued to 
settle until at the end of the fourth day, 
when all of the sludge was on the 
bottom. 

Penn Township activated sludge 
mixed with raw sludge in the above-men- 
tioned proportions was concentrated 
at 25°, 30°, 35°, and 55° C. for a period 
of 72 hr. The mixture at 25° C. con- 
centrated from 1.8 per cent to 6.3 per 
cent at the end of 72 hr. with all of 
the sludge floating. The mixture at 
30° C. concentrated from 1.7 per cent 
to 5.5 per cent at the end of 72 hr. with 
all sludge floating. Concentrations at 
35° C. and 55° C. were practically in the 
same ratio as the 25° C. samples except 
that only part of the sludge was float- 
ing in each ease. At 35° C., only 40 per 
cent of the sludge was floating and at 
55° C. only 10 per cent of the sludge 
was floating at the end of 72 hr. 

A second group of samples was tested 
in the laboratory at Cleveland by the 
Authority chemist in June, 1950, when 


60 0 0 
75 0 925 0 
100 0 900 0 
] 0 400 3 650° 
0 0 0 0 
oo 0 14 0 991 
his F 0 50 0.3 995 : 
eer 0 130 0.7 873 
ae 0 239 1 761 : 
0 245 2 753 
0 435 65 500 
; 
4 
: 


Vol. 24, No. 4 


raw sludge from the Easterly plant 
and mixtures of concentrated activated 
sludge and primary sludge were sub- 
jected to concentration at 35° C. The 
primary sludge from the Easterly 
plant, containing an initial moisture 
content of 3.5 per cent and volatile at 
75.1 per cent, was concentrated at the 
end of 72 hr. to 15.2 per cent and a 
volatile content of 72.2 per cent. No 
sludge remained on the bottom at the 
end of the period. A mixture of these 
two sludges in the proportion of two 
parts of activated sludge and one part 
raw sludge, producing an initial total 
solids of 3 per cent and a volatile con- 
tent of 63.3 per cent, concentrated at 
the end of 72 hr. to 9.4 per cent and a 
volatile content of 56.9 per cent. The 
concentrated activated sludge had an 
initial total solids content of 2.8 per 
cent and volatiles of 56.9 per cent. All 
of the sludge had floated at the end of 
48 hr. Only 5 per cent of the sludge 


remained on the bottom at the end of 
72 hr. 


A sample of activated sludge 
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after it had been pumped from the 
Easterly plant to the Southerly plant, 
containing 2.6 per cent total solids and 
44.6 per cent volatiles, was concen- 
trated in 72 hr. to 6.2 per cent total 
solids. A mixture of two parts of raw 
sludge and one part of activated sludge, 
after being pumped to the Southerly 
plant with an initial total solids con- 
tent of 4.1 per cent and volatiles of 
49.9 per cent, concentrated at the end 
of 72 hr. to 15.1 per cent total solids 
with a final volatile content of 65.5 per 
cent. This mixture floated entirely at 
the end of 24 hr., but at the end of 
48 hr. some sludge began to settle and 
totaled about 5 per cent at the end of 
72 hr. 


Concentration of Sludge from Large 
Treatment Plants 


During the summer of 1951, the 
Authority’s chief chemist visited Min- 
neapolis, Minn., Chicago, Ill, Detroit, 
Mich., Cleveland, Ohio, and Buffalo, 
N. Y., where, with the aid of plant 


! 
Plant Sludge | pH oan ) 
Minneapolis-St. Paul Raw 5.6 | 1,090 
Cone. | 5.8 | 4,400 
Chicago Southwest Raw | 6.0 — 
Cone. | 5.8! 
Detroit Raw 5.9 
Cone. | 6.6 -- 
Cleveland Easterly Raw | 5.7 ~- 
Conc. | 6.0 — 
Cleveland Southerly? Raw | 6.6 
Cone. | 7.1 - 
Cleveland Easterly Raw | 6.5 —_ 
Act. 6.7 — 
Cone. | 7.0 
Buffalo Raw | 5.9 640 
2,480 


| 
| 


Total Solids Subnatant Liquor 
} | Susp. Solids 
(%) | | PH 
| (p.p.m,) 
8.6 | 56.7 | — 
20.8 | 51.8 | 5.2 | 1,380 - 500 | 80.8 
5.6 | 62.4 | — 
14.1'| 60.0' | 5.3 | 1,536 — 306 | 78.4 
9.0 | 546 | — 
14.8 | 51.0 | 7.0 | 1,920 - 1,050 | 55.5 
7.1 | 69.8 | — — — — — 
17.9 | 67.7 | 5.7 | 1,530 | 3,950 520 | 68.3 
5.9 | 47.0 | — — — 
10.1 | 44.8 | 7.2 | 2,412 | 1,800*|} 2,440 | 48.9 
4.2 | 64.7 | — — 
3.3 | 61.6 | — 
5.3 | 55.8 | 7.5 | 3,450 465 | 57.2 
9.0 | 63.8'| — —_ 
22.5 | 60.9 | 5.0 752 — 326 | 86.2 


2 [mhoff sludge. 
3 Depletion 15 per cent. 


* Raw sludge grease 23.9 per cent, on dry weight basis. 


! Top sludge; bottom sludge values were 6.3, 8.7, and 60.1, respectively. 
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operators, he collected samples of 
sludge, which he immediately brought 
to Pittsburgh for analysis and concen- 
tration. The results are given in Table 
II, with additional comments as fol- 
lows: 


Minneapolis-St. Paul 

The entire volume of raw sludge 
floated within 24 hr. and none of the 
sludge had settled out at the end of 120 
hr. The subnatant liquor was colored 
aun opaque tan. It is to be noted that 
the volatile solids content in the raw 
sludge on this occasion was only 56.7 
per cent, as compared with the 1950 
average of 69.9 per cent. 
Chicago—Southwest 

All the sludge floated within 24 hr., 
but it was very sensitive to vibration 
and movement and after 72 hr. some 
of the sludge had settled to the bottom. 
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At the end of 120 hr. more sludge had 
settled to the bottom, but most of it was 
floating. Undoubtedly some activated 
sludge was present, causing that por- 
tion of the sludge to drop to the bot- 
tom, as the operator at the plant stated 
that some activated sludge was mixed 
with the primary sludge as the result 
of the overflow from the waste activated 
sludge concentration tanks returned to 
the influent of the primary tanks. 


Detroit 


All of the sludge had floated at the 
end of 24 hr. and remained that way 
for the first 48 hr., but at the end of 
72 hr. 80 per cent of the sludge was 
on the bottom and at the end of 120 hr. 
all of the sludge was on the bottom. 
Digested sludge was present, as the raw 
sludge had a volatile content of only 
54.6 per cent, in contrast to the average 
of 64.5 per cent volatiles in the raw 


20 30 
Degrees Centigrade 


30 
Centigrade 


Degrees 


FIGURE 1.—5-day sludge concentration (Uniontown, Pa., primary sludge concentrated 
in 2-gal. jars) at various temperatures. 
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sludge according to the Detroit 1950 
report. Digested sludge no doubt was 
being returned to the primary tanks 
for concentration and mixing pre- 
liminary to vacuum dewatering. The 
subnatant was of a tan color. 


Cleveland—Easterly 


All of the sludge was floating after 
24 hr. and stayed in that condition for 
the entire 120-hr. period. The sub- 
natant was yellow-green. 


Cleveland—Southerly 


The sludge, which originated in Im- 
hoff tanks, rose slowly and at the end of 
72 hr. there remained 1 in. of sludge on 
the bottom. At the end of 120 hr. all 
of the sludge was on the bottom and 
the liquor was black. It is obvious, 
from the low volatile solids content and 
the behavior of the sludge during con- 
centration, that some digested sludge 
mixed with fresh sludge had been 
brought up by the operator from the 
sludge compartment of the Imhoff tank 
by means of a pitcher pump. 


Cleveland—Easterly 


This is a mixture of raw and ac- 
tivated sludge from the Easterly plant 
consisting of 20 per cent raw and 80 
per cent activated sludge by volume. 
The mixture at the end of 96 hr. had 
3 in. of sludge floating on top and 2 in. 
on the bottom. No further change was 
evident at the end of 8 days. The 
quantity of activated sludge was too 
great to completely float the mixture. 


Buffalo 


All of the sludge was floating at the 


end of 24 hr. The sludge continued to 
float and compress throughout the 120- 
hr. period. The liquor was clear and 
had a tan color. 


Pilot Plant Studies 


The pilot plant was built by Author- 
ity forees from plans prepared jointly 
by Metcalf & Eddy, consulting engi- 
neers, and the Authority staff. The 
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FIGURE 2.—Effect of time on concen- 
tration at 35° C. (Uniontown, Pa., primary 
sludge concentrated in 2-gal. jars). 


IN DAYS 


general layout is shown in Figure 3. 
The plant is located on property of the 
Homestead Mill of the U. 8. Steel Com- 
pany. A 70-g.p.m. vertical pump was 
placed in a 35-ft. deep manhole near 
the end of a 96-in. combined outfall 
sewer serving the entire municipality 
of Homestead, which had a 1950 census 
population of 10,040. Therefore, a 
representative municipal sewage was 
available. 

The pilot plant consists of a combina- 
tion aerated grit and pre-aeration tank 
with 30-min. detention, a 2-hr. circular 
clarifier for primary sedimentation, 
weirs for flow measurement, 10 hex- 
agonal concentration tanks 13 ft. high 
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FIGURE 3.—Plan of Allegheny County Sanitary Authority pilot plant for sludge 
concentration studies. 


with a sludge capacity of 260 gal. each, 
a sludge pump, and a chlorinator. 
Equipment was provided in the plant 
for field determinations of dissolved 
oxygen, pH, alkalinities, chlorine resid- 
uals, and settleable solids. Later, a 
3-ft. diameter by 1-ft. vacuum string 
filter was furnished by Filtration Engi- 
neers, Inc., Newark, N. J., for dewater- 
ing experiments. The cost of the plant 
to date has been $13,000. It was placed 
in operation in September, 1950, but 


tuning up the plant and breaking in 
operating personnel required some time 
before operating data were made avail- 
able. 

The chief reason for the installation 
of the pilot plant was to demonstrate 
the practicability of concentration of 
sludge by biological flotation with the 
aid only of temperature and time con- 
trols. Although samples for suspended 
solids and B.O.D. removals through the 
plant were composited daily, this work 
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was considered to be secondary to the 
concentration of sludge. Detention pe- 
riods were tested by means of chlorides 
and dyes on several occasions. Grit re- 
movals and the effect of pre-aeration 
were also observed. Daily dewatering 
experiments were made with the pilot 
filter for a period of a month. Pre- 
chlorination was started September 11, 
1951. Tests of pumping equipment 
for transporting concentrated sludge 
through 195 ft. of 4-in. pipeline, with 
8 right-angle bends included, were con- 
ducted on several occasions with sue- 
cess. The return of subnatant liquors 
to the influent was begun July 6, 1951, 
by means of an equalizing tank to ob- 
serve the effect on the plant effluent 
and concentration of sludge. So far, 
no apparent or measurable influence 
has been observed. 


Concentration Studies 


Table III is an example of the 
analytical results of the concentration 
of raw sludge at temperatures ranging 
from 34° to 39° C. and for periods 
ranging from 24 to 144 hr. Under 
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proper controls, volatile solids and pH 
decrease with time and alkalinities and 
concentrations increase with time. Con- 
centrations increase with time up to a 
point, but after that methane digestion 
sets in and then the concentrated sludge 
begins to settle. It would appear that 
there is some relation between the ob- 
servation that 120 hr. of concentration 
produces the most economical result 
and the findings of Heukelekian and 
Kaplovsky (15), who observed that the 
gas production curve dipped to its low- 
est point at the end of four days of 
digestion at 40° C. and then began to 
rise again 24 hr. later to its highest 
point, which was reached seven days 
later. 

The 120-hr. concentration series of 
Table III has been divided into three 
parts—one representing the earliest 
period of operation, another a period of 
highest percentages of concentration, 
which occurred March 9 to May 14, 
1951. The third period extends from 
May 15 to September 8, 1951. The 
March—May period is marked also by 
low solids conteat in the subnatant and 


TABLE III.—Analyses of Sludge Concentrated in Pilot Plant 


Month 
(1951) 


Tot. Sol. 
(%) 


Vol. Sol. Alk. 
(%) (p.p.m.) 


Jan. 

Jan., Feb. 

Jan., Feb. 

Dec.,? Jan., Feb., Mar. 
Jan. to Sept. 

Jan. 1 to Mar. 8 

Mar. 9 to May 14 
May 15 to Sept. 9 
Feb., Mar. 


70.1 425 
70.7 
67.0 
69.4 
74.6 
75.2 
76.6 


1 Raw sludge preheated. 
* 1950. 
3 Test suspended. 


| 
‘ 
| 
i: 
Cone. 
No. of 
24 4 Raw 3.6 | 6.3 oa 
Cone. 8.7 6.1 
48 4 Raw 5.6 6.2 aoe 
Conc. 16.2 5.8 
72 | 13 Raw | 4.1 6.2 
Cone. | 16.7 5.7 pe 
9 | 27 Raw | 3.5 6.2 Bee 
Cone. | 19.0 | 76.0 | 1,909 5.5 aaa 
120 195 Raw 4.0 71.6 845 5.8 2 Oe 
Conc. 19.6 70.0 | 2,301 5.4 ae 
20 Raw 34 | 70.2 | 481 6.3 Bae: 
Cone. | 17.6 | 70.5 | 1,452 5.6 ae 
59 Raw 34 | 721 | — 5.8 
Cone. 21.4 71.3 5.1 
116 Raw 44 | 71.7 | 922 5.8 ‘et 
Conc. 19.1 69.8 | 2,416 5.5 ee 
144 2 Raw 4.0 67.5 6.4 
Cone. | 22.0 | 51.6 — 5.3 ae 
| 
| 
| 
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somewhat higher results during the 
May-September period, Table IV. The 
explanation for the latter condition 
may be that the hot summer months 
caused initial digestion to begin in the 
sludge stored in the primary sedimenta- 
tion tank. This is confirmed by the oc- 
easional appearance of floating sludge 
in the primary tanks during the hot 
months. It should be pointed out that, 
in spite of numerous experiments made 
with respect to sludge withdrawals, it 
was very difficult to obtain raw sludge 
with solids contents greater than 4 per 
cent and, therefore, a sludge blanket 
had to be maintained in the clarifier in 
order that a reasonable solids content 
could be withdrawn to the concentra- 
tion tanks. The initial raw sludge dur- 
ing the period of highest concentration 
from March to May 14 contained an 
average of 3.4 per cent solids, in con- 
trast to the May 15-September 8 period, 
when the raw sludge contained an 
average of 4.4 per cent solids. This 


would seem to indicate that a greater 


sludge blanket was maintained in the 
clarifier during the latter period and 
that the raw sludge had begun to digest 
before discharge to the concentration 
tanks during the hot weather. All raw 
sludge was preheated to the desired 
temperature before discharge into a 
concentration tank. 

It is to be noted that the pH of the 
concentrated sludge during the period 
June—September (Figure 4) in many 
instances was found to be greater after 
five days concentration than the pH 
of the raw sludge. This likewise would 
support the theory that some prediges- 
tion had occurred in the raw sludge in 
the primary clarifier. The difference 
in the average pH of the raw sludge 
and the concentrated sludge for the 
two periods represented in Figure 4 is 
0.6 and 0.2, respectively. The average 
temperature of the concentrated sludge 
was 1.6° C. higher during the May- 
September period than the temperature 
for the March-May period. It is 
practically impossible to control the 
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temperature in individual concentra- 
tion tanks, such as are installed in the 
pilot plant, to an exact degree by steam 
heat applied externally, but this dif- 
ficulty should not be experienced in a 
properly designed full-scale concentra- 
tion tank. 

Figure 5 shows the concentration of 
sludge in a number of cases in samples 
taken at 2-in. intervals of the vertical 
depth of the floating sludge column. 
The sludge was floated out of the con- 
centration tanks and sliced off at 2-in. 
depths and then mixed or homogenized 
and sampled. It is believed that the 
effect of pushing the sludge out of the 
tank by flotation on a water column, 
which is necessary to obtain such 
samples, probably caused the subnatant 
to penetrate more deeply into the 
sludge column. Higher average con- 
centrations would result in normal 
operation, where the subnatant is with- 
drawn and the concentrated sludge 
rests on the bottom and is allowed to 
drain. 

Figure 6 indicates the hourly B.O.D. 
determinations of the raw sewage in- 
fluent to the pilot plant for a 5-day 
period. 

Difficulties developed on occasion 
with the sewage pump, which clogged 
and required cleaning in the spring 
of the year when the rains came and 
grit and stranded solids from the 
combined sewer became excessive. Op- 
eration of the pilot plant was thus in- 
terrupted sometimes for periods of days 
until flood waters receded and made it 
possible to enter the sewer to the spot 
where the pump was located. Only one 
stoppage in operation of the pilot plant 
occurred as the result of industrial 
wastes too difficult to handle. This 
happened on May 15 and required 
cleaning out of the sewer, pump, and 
all tanks. The waste consisted of thick 
black metallic sludge having a solids 
content of 25.5 per cent with a volatile 
content of 22.7 per cent. The waste 
sludge contained 20 per cent iron, 30 
per cent silica, 6 per cent aluminum, 
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and 4.3 per cent sulfate, and, of course, 
could not be treated by any process. 
In a large treatment plant such wastes 
would probably be diluted to the point 
where their presence would not be ob- 
jectionable. 

During the month of September, 
1951, concentrated sludge in the con- 
centration tanks was sampled at the 
end of the first 48 hr. of concentration 


on 11 successive days with the follow- , 


ing results: 


Total solids, raw sludge 3.8% 
Total solids, conc. sludge 14.6% 
Volatile solids, raw sludge 77.0% 
Volatile solids, cone. sludge 73.0% 


Subnatant Liquors 


Subnatant liquor withdrawn from 
the bottom of the concentration tanks 
was composited and analyzed and, more 
lately, discharged into an equalizing 
tank located on top of the pre-aeration 
tank, into which it was emptied at a 
uniform rate. 

Figure 7 shows the analytical results 
of daily withdrawals of subnatant 
liquor. Table IV gives the average 
results for various periods of operation 
and time of concentration. The aver- 
age B.O.D. of 2,970 p.p.m. for the 5- 
day concentration subnatants would 
increase the B.O.D. of the raw sewage 
of the Pittsburgh treatment plant less 
than 7 p.p.m. if the subnatant is re- 
turned to the incoming sewage, whereas 
the suspended solids would be increased 
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less than 10 p.p.m. No evidence has so 
far developed to indicate that the re- 
turn of the subnatant to the sewage 
influent is detrimental to the concen- 
tration process due to cumulative in- 
crease of subnatant solids. 

On June 28, 1951, the raw sludge 
was found to possess an extremely low 
volatile content of 48 per cent and a 
high concentration of 7.5 per cent, 
which resulted in an unexpectedly high 
sludge concentration of 26 per cent and 
at the same time produced a subnatant 
containing more than 33,000 p.p.m. of 
suspended solids. This was the equiv- 
alent of a 3.3 per cent sludge. The 
cause of this condition could not be 
traced. Industrial wastes producing 
such a condition during the dry-weather 
flow of a community such as Home- 
stead would be diluted in a large plant 
to a degree that should not be inhibi- 
tive to the sludge concentration process. 

The average B.O.D.’s for the two 
periods (Mar., Apr., May and June, 
July, Aug.) illustrated by Figure 7 
were practically the same as were the 
average volatile solids in the subnatant 
liquor, in spite of the marked difference 
in the average suspended solids con- 
tent of the two periods, which has been 
discussed previously. The very hot 
weather experienced during these sum- 
mer months would lend support to the 
theory that some predigestion was oc- 
curring to produce the high suspended 
solids content in the subnatant liquors. 


Conc. Time 
(hr.) No. of Det. 


Month (1951) 


Jan. 
48 4 Jan., Feb. 
72 13 Jan., Feb. 
96 27 Dec.,' Jan., Feb., Mar. 
120 189 Jan. to Sept. 9 


17 Jan. 1 to Mar. 8 

Mar. 9 to May 14 
May 15 to Sept. 9 
Feb., Mar. 


2,384 630 | 1,933 | 70.9 
3,214 5.6 756 | 2,190 | 74.3 
2,965 54 828 | 3,052 | 77.4 
4,136 5.5 871 | 2,970 | 74.2 
4,432 5.5 671 | 2,844 | 762 
948 5.3 778 | 2,732 | 76.0 
5,832 5.6 952 | 3,120 | 74.2 
555 


Susp. Sol. pH Alk. B.O.D. | Vol. ry 
(p.p.m.) |; (p.p.m.) (p.p.m.) Sol. (% : 
1 
144 
11950. 
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Suspended solids in subnatant liquors 
settled out readily in the equalization 
tank, thus requiring constant agitation 
for uniform feed. 


Digestion of Concentrated Sludge 


One of the concentration tanks and a 
10-ft. section of 6-in. glass pipe were 
converted into digestion tanks to de- 
termine the digestibility of concen- 
trated sludge. The tanks were partially 
filled with concentrated sludge, to 
which was added 10 gal. of digested 
sludge for seeding purposes. The mix- 
ture was permitted to digest for five 
days at 35° C. and then daily inere- 
ments of concentrated sludge corre- 
sponding to 3 per cent of the digester 
volume were added. Additions of raw 
sludge were continued for 19 days with 
daily intermittent mixing by hand. 
The average volatile solids content of 
the initial concentrated sludge was 
73.8 per cent and of the digested mate- 
rial at the end of 24 days, 44.8 per cent, 
indicating a well-digested sludge. Fur- 
ther experiments are proposed in this 
respect as soon as continuous mixing 
equipment is installed. It is believed 
necessary to mix the concentrated 
sludge with the digesting sludge for 
best results. 

Gases were collected and analyzed 
throughout the digestion period. The 
quantity of gas collected was extremely 
low under the circumstances and would 
seem to confirm Keefer’s (1) findings 
in this respect. Possibly part of the 
gases were trapped in the thick sludge. 


Dewatering of Concentrated Sludge 


Experimentation in the laboratory 
with Buechner and leaf filters indicated 
that concentrated sludge could be read- 
ily dewatered to approximately 30 per 
cent solids without the aid of condition- 
ing chemicals. This was later con- 


firmed in a series of tests on the daily 
production of concentrated sludge over 
a period of a month on a string filter 
supplied by the Filtration Engineers, 
Ine., of Newark, N. J. 


It developed 
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that highly concentrated sludge could 
not be picked up by the vacuum filter. 
It would rise on the filter a few inches 
above the sludge level, then drop back. 
However, by diluting the concentrated 
sludge it was found that the filter 
picked up the sludge readily without 
affecting the normal rate of cake pro- 
duction and produced a cake which 
compared favorably with the cake pro- 
duced in treatment plants where con- 
ditioning chemicals are used. 


Pumping of Concentrated Sludge 


Experience elsewhere indicated that 
difficulties would be experienced in 
finding equipment which would pump 
sludge concentrated to 20 per cent or 
more through pipelines leading to the 
incinerators. An extended search pro- 
duced three types of units which it was 
thought might perform this service sat- 
isfactorily. The one which appeared to 
be the simplest as to type was the 
Moyno pump, manufactured by Rob- 
bins & Myers, Inc., of Springfield, Ohio. 
A unit of this type was installed at the 
pilot plant for experimental purposes. 

iratifying results were obtained. 


Summary 


1. Studies made in the laboratory 
and later confirmed in pilot plant 
operation demonstrated that raw sludge 
can be concentrated biologically by flo- 
tation at an optimum temperature of 
35° C. and that the most satisfactory 
results were obtained at the end of 120 
hr. of concentration. No chemicals or 
admixtures were required. Best results 
are obtained by preheating the raw 
sludge to the desired temperature of 
concentration. 

2. The subnatant from the concen- 
tration tanks, when returned to the 
influent raw sewage for treatment, did 
not present any treatment difficulties 
and did not increase the B.O.D. of the 
sewage more than 7 per cent and the 
suspended solids more than 10 per cent. 
No apparent effect was observed on 
concentration of the resulting cumula- 
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tive subnatant solids in the primary 
sludge. 

3. Activated sludge by itself did not 
concentrate by biological flotation as 
did the raw sludge. Some mixtures of 
raw and activated sludge responded 
completely to flotation, but the ac- 
tivated sludge settled back to the bot- 
tom of the container in time. More 
experimental work on concentration by 
biological flotation with temperature 
and time controls of such mixtures 
might be warranted. 

4. Aside from time and temperature 
controls the chief factors in the concen- 
tration of raw sludge appear to be 
volatile content and pH. Usually these 
factors are present in sewage in such 
favorable degree as to permit success- 
ful concentration of raw sludge by 
flotation. 

5. In general, the higher the solids 
content of the raw sludge, the higher 
will be the solids content of the con- 
centrated sludge. But there is no uni- 


form pattern to be found in this regard. 


Evidently there is a solids limit to 
which raw sludge may be concentrated. 
Furthermore, other factors, such as 
volatile content, pH, and the condition 
of the raw sludge, influence the degree 
of concentration, assuming the same 
temperature and time controls. 

6. The degree to which raw sludge 
having a solids content of 3.5 to 4.5 
per cent can be concentrated as demon- 
strated herein, precludes the necessity 
for maintaining heavy sludge blankets 
in primary sedimentation tanks in 
order that a greater concentration of 
raw sludge is made available. This 
would reduce some of the difficulties of 
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primary tank operation and produce a 
fresher sludge for best concentration 
results. 

7. Inert matter, excepting unusually 
high concentrations of silt and grit, 
has no observable effect on the flota- 
tion process. The raw sludge moves 
up from the bottom of the tank as a 
column, either broken or solid, thus 
entraining all material within the mov- 
ing column. 

8. Volatile solids content and pH of 
the concentrated sludge are reduced 
with temperature and time, but alkalin- 
ities and concentrations increase under 
the same conditions. 

9. Pre-chlorination to the extent of 
producing a residual has no measurable 
effect on the concentration by the flota- 
tion process according to the results of 
20 days of operation with pre-chlorina- 
tion. 

10. Raw sludge concentrated by flo- 
tation can be dewatered on vacuum 
filters without the aid of conditioning 
chemicals, provided the concentrated 
sludge is diluted to a proper degree. 

11. Concentrated sludge can be di- 
gested successfully, with resultant sav- 
ings in construction and operating costs 
where digestion facilities are installed. 
A study of comparative costs and eco- 
nomics of sludge disposal including 
this concentration process was made by 
Laboon (16). 
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DISCUSSION 


By L. FLoop 
Partner, Metcalf § Eddy, Boston, Mass. 


Mr. Laboon’s paper has summarized 
the development of a method for sludge 
concentration for raw primary sedimen- 
tation sludge under controlled condi- 
tions so as to produce a sludge with a 
moisture content averaging 80 to 82 per 


cent. This is an important develop- 
ment, as it adds a new tool for the use 
of the sanitary engineer. However, its 
use must be carefully weighed and 
evaluated by the profession in solving 
sludge disposal problems in the future. 

Under controlled temperature condi- 
tions, in every instance where raw pri- 
mary sludge alone was treated, the lab- 
oratory staff of the Authority has been 
able to concentrate the sludge from the 
sewage of large metropolitan areas to 
18 to 20 per cent or more solids. In 
all the months of operation of the pilot 
plant on sludge collected from the 
Homestead sewage, the only failures to 
secure concentrated sludge by flotation 
were caused by local conditions, which 
could not possibly be duplicated in 
operations of the proposed Pittsburgh 
sewage treatment plant. 

It should be noted that conditions in 
the Pittsburgh area are particularly 
suited to the use of this process and 
the incineration of concentrated raw 
sludge, because of the relatively low 
cost of fuel. 


The possibility of incinerating liquid 
sewage sludge was early called to the at- 
tention of the profession by Schroepfer 
(1). He reported that when making 
studies of the type of sludge disposal to 
be used for the Minneapolis-St. Paul 
sewage treatment plant, in 1935, he 
concluded that if the moisture content 
and sludge could be reduced to 85 or 90 
per cent, vacuum filtration could be 
economically dispensed with, assuming 
suitable equipment available for in- 
cinerating such sludge. 

Incineration of concentrated raw 
sludge was inaugurated at the Ashland, 
Ohio, sewage treatment plant in 1941. 
The latest reported practice was to 
pump sludge daily from the primary 
sedimentation tanks to one of two con- 
centration tanks, which were filled 
alternately. The concentration tanks 
were operated on the fill-and-draw 
method, supernatant being drawn off 
daily before the raw sludge was added. 
When a concentration tank was filled, 
it was permitted to rest from 3 to 10 
days, depending on the progress of 
concentration, the needs for raw sludge 
storage capacity, and the operation of 
the incinerator units. 

Under normal operations by the op- 
erators the moisture content of the con- 
eentrated sludge varied considerably, 
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although under skilled control during a 
test period sludge having an average 
of about 85 per cent moisture was ob- 
tained. The results of incineration of 
concentrated sludge in the multiple- 
hearth unit at Ashland during a test 
period have been given by Laboon (2). 

Some information on the incineration 
of raw concentrated sludge during 1942 
at the sewage treatment plant in Piqua, 
Ohio, has been supplied by Hufford 
(3). He reports the moisture content 
of the sludge entering the incinerator 
at 88 per cent. The plant as built pro- 
vided for mechanical dewatering, but 
apparently this feature did not prove 
satisfactory because of an excessive pro- 
portion of industrial wastes. A method 
of direct incineration was developed for 
the liquid sludge in a small multiple- 
hearth incinerator. 

The operations at Ashland and Piqua 
demonstrated that it was possible to 
incinerate liquid sludge containing 85 
to 88 per cent moisture. However, the 
lack of assurance that the process of 
sludge concentration could be controlled 
so as to produce a sludge of fairly uni- 
form moisture content within econom- 
ical limits has delayed adoption of the 
process of liquid sludge incineration 
for other plants. Moreover, it could be 
demonstrated that concentration to a 
greater degree than that ordinarily 
obtained at Ashland and Piqua was 
desirable if direct incineration of liquid 
sludge was to be economical. 

Preliminary studies for the Allegheny 
County Sanitary Authority on incinera- 
tion of liquid sludge indicated that it 
would be economical to adopt this 
process at Pittsburgh if the sludge con- 
tained, on the average, 86 per 
moisture. 

The subsequent operation of the pilot 
plant at Pittsburgh demonstrated satis- 
factorily that with a sludge heated to 
95° F. and maintained at that tempera- 
ture for five days, the raw liquid pri- 
mary sludge would concentrate by flo- 
tation so as to contain on the average 
not more than 82 per cent moisture and 


cent 
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possibly would average 80 per cent or 
less. Assuming an average moisture 
content of 82 per cent for the raw 
liquid sludge, the costs of three methods 
of sludge disposal for the Pittsburgh 
plant have been estimated as shown in 
Table I. 

The project originally reeommended 
for the Pittsburgh sewage treatment 
plant of the Allegheny County Sani- 
tary Authority included sludge diges- 
tion, elutriation, mechanical dewater- 
ing, incineration, and power develop- 
ment in dual-fuel engines utilizing the 
digester gas. Under present conditions 
it is questionable whether it would be 
economical to develop power at the 
plant in competition with the local 
utility, when power can be purchased 
at less than 1¢ per kilowatt-hour. Ac- 
cordingly, in the projects considered in 
Table I, an estimate has not been in- 
eluded for power development at the 
plant. 

It should be noted that the sludge 
concentration and incineration project 
is estimated to cost about $1,350,000 
less than the project involving diges- 
tion and mechanical dewatering, and 
$300,000 more than the project involv- 
ing raw sludge dewatering. The esti- 
mated annual charges for sludge dis- 
posal of the project involving incinera- 
tion of concentrated raw sludge are 
$100,000 less than for either of the 
other two projects considered. 

The concentration of the raw sludge 
involves heating of the raw sludge and 
storage in heated tanks. Once concen- 
trated, the sludge is in somewhat dif- 
ferent form than material normally 
handled by sludge pumps and other 
sludge-handling equipment. Experi- 
ments at the pilot plant in Pittsburgh 
have demonstrated that the sludge ean 
be pumped successfully by-means of a 
Moyno pump and that it can be handled 
in serew conveyors. The sludge in this 


state has a foul odor, so that all tanks 
and means of conveyance for the sludge 
must have adequate provision to cap- 
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TABLE I.—Estimated Costs (in Dollars) of Sludge Disposal at 
Proposed Pittsburgh, Pa., Sewage Treatment Plant 


Project A! 


Project B* Project D* 


Capital cost 


Annual charges: 


5,283,000 


3,939,000 3,646,000 


Fixed charges, at 4.5% 237,735 177,255 164,070 
Operating charges: 
Maintenance 41,840 36,750 50,000 
Labor 120,960 105,500 145,500 
Chemicals and filter supplies 80,000 _ 114,400 
Fuel 2,000 60,000 2,000 
Power 17,300 17,300 23,700 


Total operating charges 
Total annual charges 


Cost per ton dry solids for sludge dis- 
posal* 


219,550 
396,805 


9.92 


? Sludge concentration and incineration. 
3 Sludge dewatering and incineration. 
‘ On basis of 40,000 tons per year. 


ture the odors and to effectively destroy 
them. 

The preliminary plans for the sludge 
disposal units at the Pittsburgh sew- 
age treatment plant include heat ex- 
changers for raising the temperature of 
the raw sludge to 95° F. (35° C.) be- 
fore it is pumped to the concentration 
tank. It is proposed to provide eight 
sludge concentration tanks, each of suf- 
ficient capacity to hold a day’s supply 
of raw sludge at a rate of sludge pro- 
duction equal to 150 per cent of the 
average design rate for 1970 conditions. 
Each tank has a capacity of 568,000 
eu. ft. The tanks are rectangular in 
form, with three channels each 15 ft. 
wide, 105 ft. long, and 15 ft. deep. 
Three longitudinal collectors are pro- 
posed in each tank. After the sludge 
has concentrated, the subnatant liquor 
will be withdrawn and the longitudinal 
collectors operated to collect the sludge 
at one end of the tank. Screw con- 
veyors are provided across the end of 
the tank to discharge the concentrated 
sludge to the inlets of the proposed 
Two sludge pumps are pro- 


pumps. 


1 Digestion, elutriation, mechanical dewatering, and incineration. 


vided at each tank, arranged so as to 
operate singly or in parallel. The 
tanks are to be insulated and are to be 
maintained at the desired temperature 
by heating coils beneath the floor of 
the tank and by the introduction of 
warm air above the sludge level and 
under the tank roofs. The tanks are 
to be kept under a slight vacuum, with 
the air exhausted and discharged to the 
incinerators for use as combustion air. 

The work at the pilot plant has shown 
that the subnatant liquor, which col- 
lects ordinarily within 24 hr. and prac- 
tically without exception within 48 hr., 
has a relatively low B.O.D. and sus- 
pended solids content. It may, there- 
fore, be advantageous to draw off much 
of this subnatant liquor soon after it 
accumulates and, thus, greatly reduce 
the effect of this subnatant return on 
the sedimentation tanks. This early 
withdrawal of subnatant will reduce 
the heating requirements for maintain- 
ing the concentration tank temperature 
at 37° C. 

The studies for the sludge incin- 
erators have not been completed. 


443 
Item 
262,100 335,600 
499,835 499,670 
pt 


444 


However, the manufacturers of both 
multiple-hearth incinerators and flash 
driers have given assurance that it is 
practical to design equipment to handle 
the material. Preliminary studies in- 
dicate that the incineration plant would 
initially be of a size comparable with 
the multiple-hearth incinerator plant at 
the Detroit sewage treatment works. 
The full possibilities of the use of 
this process in conjunction with sludge 
digestion remain to be explored. A 
detailed study has not been made of the 
economy of concentration of the sludge 
ahead of digestion tanks. Theoreti- 
eally, it should be practical to relieve 
the overload on existing tanks and de- 
crease the design allowances for new 
installations. It may be desirable to 


SEWAGE AND INDUSTRIAL WASTES 


April, 1952 


determine how concentrated a sludge 
can be digested, without providing ex- 
tensive equipment inside the tanks to 
stir and mix the daily increments of 
raw with the digesting sludge, or to 
determine if suitable mechanical equip- 
ment ean be provided to stir and mix 
sludge concentrations too thick for di- 
gestion without such mixing. 
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FIRST QUARTER NPA CONSTRUCTION APPROVALS 


The National Production Authority 
recently announced that 935 water and 
sewage construction projects with a 
total estimated value of $596,155,395 
were approved for the first quarter of 
1952 during the period from Oct. 31, 
1951, through Jan. 15, 1952, and that 
allotments of controlled materials for 
this construction has been processed. 
Water facilities approvals accounted 
for $325,500,135 of the total, whereas 
sewage disposal approvals amounted to 
$270,655,260. 

First-quarter allotments made by the 
Water Resources Division through 


January 18 totaled 139,409 tons of 
2,059,252 lb. of copper, and 
142,168 lb. of aluminum. These quanti- 
ties compare with corresponding avail- 
able materials of 183,113 tons, 2,658,000 
lb., and 175,000 Ib., respectively. 

Public reluctance to vote bond issues 
except in cases of proven necessity is 
a strong deterrent to unessential proj- 
ects, according to the Division. In ad- 
dition, review by the Division has 
pointed out possibilities of major con- 
servation or substitutions for critical 
materials. 
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NEW YORK CITY’S OWLS HEAD POLLUTION 
CONTROL PROJECT * 


By S. W. STEFFENSEN 


Project Engineer and Deputy Chief, Bureau of Sewage Disposal Design, 


The Owls Head pollution control 
project, which will soon be completed, 
is the eighth major step in New York 
City’s program to treat all of its sewage 
by 1959 under a comprehensive plan 
involving a total of 18 modern plants. 
Other projects now in various stages 
of completion are those at Rockaway 
in Queens, Hunts Point in The Bronx, 
and Port Richmond on Staten Island. 
Next on the agenda are the Bowery 
Bay Extension in Queens and the Oak- 
wood Beach works on Staten Island, 
which will complete that part of the 
program designated to be undertaken 
by 1953. To what extent materials 
allotments and the lack thereof will re- 
tard progress remains to be seen. 

The Owls Head plant is designed to 
treat 160 m.g.d. of sewage contributed 
by an ultimate population of 1,200,000 
in the Bay Ridge, Bensonhurst, Boro 
Park, Prospect Park, and Flatbush see- 
tions of Brooklyn. Treatment will be 
by the high-rate activated sludge proc- 
ess. Sewage solids will be digested, the 
resulting gas utilized, and the residues 
discharged at sea. 

The plant site is in the Bay Ridge 
section of Brooklyn on the waterfront 
north of the 69th Street ferry. It is 
adjacent to the Long Island R. R. yard 
on the north and the Owls Head park 
and the Belt Parkway on the east. 


Novel Features 


The project has a number of features 
that represent departures from previous 


* Presented at a meeting of the Metro- 
politan Section, New York Sewage and In- 
dustrial Wastes Assn.; Brooklyn, N. Y.; Oct. 
16, 1951. 
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design practice for New York City and 
some that are not found elsewhere. A 
few were introduced to best meet 
particular conditions, others follow a 
normal trend in the development of the 
art of sewage treatment, and _ still 
others spring from commitments made 
to a not altogether receptive public. 
Some of the distinguishing features 
are: 


1. First plant in the United States 
designed exclusively for the high-rate 
activated sludge process. The design is 
based on the Department’s experi- 
mental and development work. The 
process was originally called ‘‘ modified 
sewage aeration.’’ 

2. First use in New York City of 
retractable (swing) air diffusers in 
aeration tanks and aerated channels. 

3. Enclosure and ventilation of aera- 
tion and settling tank structures. 

4. Ozonation of air in certain work 
areas and of exhaust gases from the 
ventilating system. 

5. Prestressed circular concrete 
sludge digestion and sludge storage 
tanks. 

6. Sealed, fixed roof digestion and 
sludge storage tanks. 

7. Tanks built in pairs exclusively 
for two-stage digestion, with external 
recirculation and seeding of sludge at 
high rate, multiple separately con- 
trolled inlets in the primary tanks, and 
a radial baffle wall in each secondary 
tank. 

8. Separate sludge gas storage in a 
low-pressure fabric-seal Wiggins gas 
holder. Although several holders of 
this type have been constructed, this 
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is the first within the city limits. Only 
one, that at Los Angeles, Calif., has 
been built previously for the storage of 
sludge gas. 

9. Facilities for disposal of grit at 
sea along with the digested sludge. 

10. Ducking weirs for scum removal, 
the first to be built in New York City. 

11. Seum tanks with mechanieal stir- 
rers. 

12. A large Parshall flume for meas- 
uring plant effluent. 


Importance of Plant 


The Owls Head project represents a 
step of vital importance in the city’s 
pollution control effort. The greater 
part of the present flow of 130 m.g.d. 
from the drainage area is discharged 
without any treatment whatsoever 
along the Bay Ridge shore line, re- 
sulting in extremely foul and unsani- 
tary conditions. Gould (1) has stated: 


‘‘The tidal currents carry this filth 
into Gravesend Bay to such an extent 
that the waters here are unsafe for bath- 
ing and transport a part of the pollu- 
tion to the end of the Coney Island 
beaches, creating a hazard to bathers at 
this popular resort and to a lesser de- 
gree at the south shore beaches of Staten 
Island. The cleaning up of this in- 
tolerable situation is considered one of 
the most important steps in the ad- 
vancement of the program for clean 
waters.’ 


It is expected that the type of treat- 
ment selected will remove about 80 per 
cent of the suspended matter and 75 
per cent of the B.O.D., which should be 
adequate for this location and is sub- 
stantially better than the minimum 
standards of the Interstate Sanitation 
Commission. As an additional safe- 
guard, a contact channel is provided for 
possible future chlorination. 

The area to be served by the plant, 
described above in general terms, con- 
sists of 13,765 aeres (21.5 sq. mi.) ex- 
tending along the Brooklyn shore from 
Coney Island Creek to the head of 
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Gowanus Canal and as far inland as 
Eastern Parkway, Holy Cross Ceme- 
tery, and Ocean Avenue (see Figure 1). 
The region is largely residential in 
character, with some laundries and 
light industries. 

At present, the sewage from this 
area is dumped into the Narrows and 
Upper Bay mainly at seven outlet 
points between 49th Street and 92nd 
Street. 


History of Plant Design and 
Construction 


The Metropolitan Sewerage Commis- 
sion in 1914, the Board of Estimate in 
1923, and the Department of Sanita- 
tion in 1931 all visualized the construc- 
tion of three treatment plants along 
the Bay Ridge waterfront. Following 
studies on the economies of consolida- 
tion, the plan for one plant at the pres- 
ent location has appeared in all general 
plans for pollution control since 1937. 

As definite steps for the construction 
of a plant were taken, opposition de- 
veloped in 1940 from nearby residents. 
Although they endorsed the promotion 
of harbor cleanliness, they preferred 
to have the plant neighboring some- 
one else’s property. Actually, in the 
plans as finally developed, the distances 
from the plant structures and the out- 
let of the ventilation system to the 
nearest residence are more than 800 ft. 
and 1,700 ft., respectively. 

Following the local objections to the 
site chosen, studies were made of six 
alternate sites as follows: 


. Owls Head. 
. Island in Upper Bay off 39th St. 
3. Sist-5sth Streets between 2nd 
and 3rd Aves. 
Dyker Beach. 
dD. 36th-39th Streets 
Avenue. 
. Island in Gravesend Bay. 


west of 2nd 


It was concluded that any other pos- 
sible location would cost approximately 
$5,000,000 more than the present loca- 
tion. 


ists 
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FIGURE 1.—Map of New York City showing location of Owls Head sewage treatment 
plant and drainage area served. 


In order to stem the tide of opposi- 
tion, several commitments were made 
by way of giving maximum protection 
from any possible nuisance. Pursuant 
thereto, aeration and settling tank 
structures were enclosed, the digestion 
and sludge storage tanks were sealed, 
and a deodorizing system was installed. 

Several local associations, including 
real estate groups, were originally num- 
bered among the dissenters. After 
visiting some of the existing New York 
City plants and studying the problem 
for themselves, they became staunch 
supporters. 

Although the covering, ventilation, 


and ozonation of the main tanks, which 
increased the construction cost of the 
project by more than $1,000,000, may 
not have been imperative, these fea- 
tures provide a margin of safety 
against possible complaint. At any 
rate, there is ample reason to believe 
that the people of Bay Ridge will be 
satisfied with their new neighbor. 

It was the original intention to build 
a sedimentation plant with seasonal 
chemical precipitation. World War II 
delayed action and during the interval 
the modified form of the activated 
sludge process, called now ‘‘high-rate 
activated sludge,’’ was developed (2) 
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(3) and proved so promising (4) that 
the original plan to use chemical pre- 
cipitation was abandoned and the new 
aeration process adopted. Fortunately, 
in 1944, just at the time that this re- 
vision was in the offing, negotiations 
were started to acquire the property of 
the 66th Street power station of the 
Edison Company. Hence, it became 
possible to plan for the improved de- 
sign in a location 260 ft. farther north 
than originally contemplated. This 
placed the plant that much farther 
from the residential area and adjacent 
to the Long Island R.R. yard, a com- 
patible neighbor. Incidentally, it was 
possible to use much of the foundation 
of the power station. 

Actual construction did not start 
until after the war, but suitable free 
fill was supplied and placed during the 
war, thus partially preparing the site. 
Fill came from local sources, from the 
Brooklyn-Battery Tunnel, and from 
Europe. The last named, constituting 
the major portion, came as ship ballast 
in the form of masonry debris, mine 
culm, and sand. Someone with a sense 
of the dramatic has said that the 
Owls Head plant is built upon the 
ruins of Coventry. 

Three hulks of large wooden vessels 
had long blighted the waterfront in the 
area to be filled. Lack of immediate 
funds necessitated burying them in 
place. They proved to be stubborn 
corpses and finally compelled the driv- 
ing of steel H-piles through them, after 
failure to penetrate with wooden piles, 
even with spudding. 

Construction has proceeded fairly 
well on schedule in the light of the 
labor and materials procurement situa- 
tions. It is believed that the works will 
be placed in operation early in 1952. 
Landscaping and roadways will follow 
at once. 


Plant Units—General 


The principal units of the project 
(Figures 2 and 3) are as follows: 
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1. North and south branch inter- 
ceptors extending from 49th Street and 
92nd Street, respectively, to the plant 
at 66th Street. The interceptors and 
the combined sewers which they serve 
are equipped with numerous automatic 
regulators, which will limit maximum 
storm flow, and with pontoon tide 
gates, which are designed to keep out 
sea water. 

2. The pump and power house em- 
braces the screening chamber, sewage 
pumps, dual-fuel supercharged engine- 
generator units, blowers, main elec- 
trical equipment, grit chamber, work- 
shop, laboratory, office, and staff facil- 
ities. This main building is of a mod- 
ernized classic-type design with high 
windows and deep reveals. The ex- 
terior features a fine white glazed iron 
spot brick with granite base and black 
terra-cotta trim. The interior features 
welded steel rigid frames, glazed struc- 
tural facing tile, and quarry tile floors 
in several operating areas. Aymar 
Embury II, architect responsible for 
many pleasing parkway structures, was 
engaged to advise on the blending of 
the plant architecture with that of the 
adjacent park and parkways. 

3. Enclosed in one major structure 
covering approximately 7 acres are six 
aeration tanks, eight sedimentation 
tanks, two scum stirring tanks, the re- 
turn and excess sludge pumping equip- 
ment, the ozonation equipment and 
contact chamber, a chlorine contact 
channel for possible future use, and the 
Parshall effluent measuring flume. En- 
closure panels are of cavity wall con- 
struction consisting of face-brick ex- 
terior and glazed structural facing tile 
interior. Natural lighting is provided 
by glass-block wall sections and roof 
vault lights. 

4, Another major unit is comprised 
of eight sludge digestion tanks, two 
grit and sludge storage tanks, a gas 
holder, and sludge pumping units. 

5. Docking facilities and a new 
sludge vessel provide for final disposal 
of grit and digested sludge at sea. 
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FIGURE 2.—Owls Head sewage treatment plant layout. 


Basic Design Data expected from more than 1,000,000 


Population and Sewage Flows persons. Maximum flow in time of 
d ¢ storm will be limited to twice the mean 

As stated, the plant is designed to qry.weather flow, the excess being re- 

treat an average of 160 m.g.d. of seW- jected to the harbor. 

age from an estimated ultimate popula- 

tion of 1,200,000 (133 g.p.e.d.) When Sewage Characteristics 

the plant is first put into operation, a The assumed strength of the sewage, 

flow of approximately 130 m.g.d. is based on analyses, is: Suspended solids, 
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198 p.p.m. (0.22 dry lb. per capita 
daily) ; and B.O.D., 225 p.p.m. (0.25 
dry lb. per capita daily). 


Intercepting Sewer System 


The north interceptor is 6 ft. in 
diameter at its start and enlarges to 
12 ft. 6 in. by 8 ft. The south branch 
begins at 8 ft. by 8 ft. 6 in. and in- 
creases to 9 ft. square. The two 
branches merge at the plant into a 14- 
ft. by 8-ft. section, which runs to the 
screening chamber forebay. The seven 
main points of interception are 49th 
Street, 64th Street, Bay Ridge Avenue, 
71st Street, 79th Street, 83rd Street, 
and 92nd Street. The two largest 
trunk sizes intercepted are 15-ft. diam- 
eter at 64th Street and 11-ft. equivalent 
diameter at 92nd Street. 


Screening Chamber 


In the screening chamber are four 
6 ft. 9 in.-wide channels each equipped 


MORTH INTERCEPTING 
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with a 66-in. by 84-in. hydraulie-pneu- 
matic automatic sluice gate; a 3-in. 
trash rack, and a 1-in. bar screen, both 
of the back-raking type; and facilities 
for grinding screenings for return to 
the sewage, or for removal in cans. 
Velocity control is by means of critical- 
depth channels discharging to the wet 
well, which is enclosed and mechanic- 
ally ventilated. 


Main Sewage Pumps 


Six main sewage pumps are designed 
to pump a maximum of 320 m.g.d. 
against a total dynamic head of 37 ft. 
with the largest unit out of service. 
One pump is of 55-m.g.d. capacity, 
variable speed, with 450-hp. motor; 
three are 60-m.g.d. constant-speed units 
with 500-hp. motors; and two are 85- 
m.g.d. variable-speed units with 700-hp. 
motors. The pumps are of the vertical 
type, have manual suction gate valves 
and motor-operated discharge gate 
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FIGURE 3.—Flow diagram of Owls Head pollution control project. 
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FIGURE 4.—Interior construction view of grit chamber. Grit is scraped to cross- 


collecting channels and thence to the raw grit elevators. Reciprocating grit washers and 


pneumatic ejectors are in the basement. 


valves. A 90-in. diameter welded steel 
force main leads to the grit chamber. 


Power Plant 


Six 1,300-b.hp. dual-fuel super- 
charged engines are direct-connected to 
900-kw. (1,125 kva.), 4,160-v., 3-phase, 
60-eyele generators. Full voltage is 
used for the main sewage pump and 
blower motors, is transformed to 440 v. 
for principal auxiliary equipment, and 
is further transformed to 208/120 v. 
for lighting and small auxiliaries. 
Engine fuel will consist of sludge gas, 
plus diesel oil for ignition and sup- 
plementary purposes. Power require- 
ments are estimated at 3,000 kw. for 
average design load and 4,000 kw. for 
maximum design load. Average gas 
production is expected to be 1.2 eu. ft. 
per capita daily, or a total of 1,440,000 
eu. ft. daily. It is anticipated that 90 
per cent of the power required will be 
derived from sludge gas. Waste heat 


from the engines will be utilized for 
sludge and space heating. 


Blowers 


Four 15,000-c.f.m. centrifugal blow- 
ers driven by variable-speed motors of 
700 hp. will supply 0.40 eu. ft. of 
air per gallon of sewage with one unit 
out of service, and a maximum of 0.54 
cu. ft. per gallon with all units in serv- 
ice. The rated blower capacity is based 
on a 7.75-p.s.i. discharge pressure, 
which represents a condition present 
only in the case of badly clogged air 
diffusers. This is a fortunate situation, 
as the margin of capacity under normal 
conditions will be available to meet pos- 
sible increased air demand. The blower 
intake air will be cleaned by four 15,- 
000-c.f.m. combined electrostatic and 
automatic self-cleaning filters. The 
blower discharge lines are equipped 
with cone check valves. The 42-in. 
diameter air main is of welded steel. 
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Grit Chamber length of 1,080 ft. distribute the sewage 
Four channels, each 28 ft. wide by the aeration tanks and to the settling 
60 ft. long (Figure 4), allow for “ tanks. Each aerator is divided into 
surface rate of 48,000 g.p.d. per sq. ft. *Wo 29 ft. 6 in.-wide passes. Tanks and 
at storm flow with all units in service. Channels are curved in cross-section to 
Critical-depth discharge channels limit assist spiraling of the flow. The tanks 
the maximum velocity to 1 ft. per see. have a capacity of approximately 
The estimated average grit removal 1,500,000 eu. ft. and the channels 380,- 
is 3.5 eu. ft. per m.g. Equipment in- 000 eu. ft., or a total of 1,880,000 eu. ft. 
cludes grit collectors, raw grit elevators, This represents a detention period of 
jig-type washers, pneumatic ejectors, 1.9 hr. for average flow plus 10 per cent 
four 96-in. by 60-in. motor-operated in- return sludge, or 2.1 hr. for average 
let gates, and four 72-in. by 36-in. ow. The air is diffused through 
manual outlet gates. The washers may 6950 ceramic tubes supported on re- 
be by-passed. Grit may be blown to tractable headers. There are six 60-in. 
the covered grit and sludge storage diameter inlets and twelve 4-ft. by 4-ft. 
tanks, or to barges for final disposal _ 
or ana outlets. Sewage may by-pass the aera- 
tion tanks through two 7-ft. by 7-ft. 
Aeration Tanks gates connecting the aerated channels. 
There are six aeration tanks (Figure The large aerated channels are cal- 
5), each 347 ft. by 52 ft. by 14 ft. water culated to give substantially equal dis- 
depth. Two aerated channels approxi- tribution of flow to all tanks in service 
mately 25 ft. wide with an aggregate with gates wide open. 
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FIGURE 5.—Layout of aeration and settling tanks, chlorine contact channel (for pos- 
sible future use), and large Parshall flume for (effluent) flow measurement. All units in 
heavy outline are housed in one ventilated structure with ozonation of air exhaust for 
control of any possible odors. 
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Settling Tanks 


The settling tanks, eight in number, 
are designed for an overflow rate of 
1,280 g.p.d. per sq. ft. Each tank is 
300 ft. by 52 ft. by 12 ft. water 
depth, providing an aggregate volume 
of 1,500,000 ecu. ft. This allows a de- 
tention of 1.7 hr. at average sewage 
flow and 1.5 hr. with 10 per cent return 
sludge. 

There are three 4-ft. by 3-ft. inlet 
gates per tank. Effluent weirs are 
placed in a longitudinal direction be- 
yond the middle of the tank and are 
equipped with saw-tooth weirs of alu- 
minum. The cross-collector channel is 
at mid-length of the tank, much as in 
the Wards Island final tanks following 
recent structural changes (5). In a 
long tank, this design is considered best 
suited for dealing efficiently with dens- 
ity currents, whether arising from 
sludge blanket flow or salinity changes. 

Seum is collected near the inlet end 
of the tanks, removed by ducking 
weirs, concentrated and emulsified in 
two stirring tanks, and then pumped 
to the digesters. 

After passing through a chlorine con- 
tact channel (provided for possible fu- 
ture use), the plant effluent is measured 
by a Parshall flume, drops into a shaft, 
and is discharged through a 10-ft. 
diameter precast concrete outfall pipe 
in deep water at a point just inside the 
pierhead line. It is believed that the 
rapid currents at this point will pro- 
duce good diffusion. 


Sludge Digestion Tanks 


There are four primary and four 
secondary digesters 103 ft. 4 in. in 
internal diameter with a water depth 
of about 36 ft. The total digester 
capacity is 2,400,000 ecu. ft., or 2.0 eu. 
ft. per capita. The contents are heated 
by internal pipe coils. All digester 
units are insulated by an air space and 
facing brick, and by foam glass blocks 
laid on the concrete roof slab. 

In operation, the digesters will be 
kept practically filled at all times ; that 
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is, the water level will be maintained 
within the range of the central lantern 
or circular collar on which sits the steel 
gas-collecting dome. Raw sludge is in- 
troduced through one of four inlets 
spaced around the circumference of the 
primary tank. A volume of raw sludge 
admitted to the primary digester causes 
an equal volume to be pushed hy- 
draulically into the secondary digester 
through a pipe extending from the mid- 
dle zone of the primary at its center 
to the secondary at the wall. The ad- 
mittance of liquid to the secondary in 
turn causes an automatic overflow of 
supernatant liquor from one of three 
possible levels through an adjustable 
bell-mouth weir placed in an overflow 
box, which drains to the wet well. As 
precautionary measures, each tank has 
an independent emergency overflow 
and is equipped with liquid level in- 
dicators and alarm devices to protect 
the structure. 

A special feature of the Owls Head 
two-stage digesters is the provision for 
recirculation and seeding of sludge at 
high rate by means of centrifugal 
pumps drawing from the center bot- 
tom of the primary tank and discharg- 
ing back through the raw sludge in- 
lets. To avoid short circuiting, the 
secondary digester is constructed with 
a radial baffle wall extending past the 
center of the tank (see Figure 6). 

The prestressed design of digester 
tank walls was an alternate in the 
contract and was selected on the basis 
of competitive bidding. A 12-in. core- 
wall was first poured. This was stressed 
in the vertical direction by high- 
strength steel wires set in grooves on 
the inside of the wall. The wires were 
machine stretched a predetermined 
amount before anchoring in place. 
Stressing in the horizontal direction 
was done by a machine which pulled a 
high-strength wire through a die as it 
was wound around the outside of the 
tank in helical fashion. All wires 
were then covered with pneumatically 
ejected mortar. 
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FIGURE 6.—Diagram of two-stage digester operation. 


FIGURE 7.—Cutaway view of typical gas holder of type used at Owls Head sewage 
treatment plant. 
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Grit and Sludge Storage Tanks 


The two grit and sludge storage 
tanks are 39 ft. 10 in. in diameter and 
have steep conical bottoms and domed 
roofs. Walls and domes are of pre- 
stressed concrete. The total storage 
capacity is 70,000 cu. ft. The tanks 
are elevated to allow gravity loading of 
the sludge vessel. 


Gas Holder 


A 100,000-ceu. ft. gas holder, 51 ft. 
in diameter and approximately 65 ft. 
high, has been installed to save gas for 
daily peak loads. The holder is of the 
Wiggins fabric-seal type. The outer 
shell is fixed, the piston being attached 
to the shell by an ingenious system of 
fabric seals and telescoping fenders 
(Figure 7). The piston is ballasted 
with concrete blocks to produce a pres- 
sure of 10 to 11 in. of water. 


Sludge Pumping Facilities 


The sludge pumping units consist of 
the following: 


1. In 
tanks— 
8 triplex plunger excess sludge pumps 
rated at 300/150 g.p.m.; 6 are normal 
duty (115-ft. total dynamic head) 
and 2 are heavy duty (230-ft. total 
dynamic head). 
centrifugal return sludge pumps 
rated at 2,300 g.p.m., with vari-speed 
drives. Assumed maximum rate of 
return is 12 per cent using 6 pumps. 
2 duplex plunger scum pumps rated at 

80/50 g.p.m. 

2. In the digestion and storage gal- 
lery— 

4 quadruplex plunger digested sludge 
transfer pumps rated at 400/200 
g.p.m. 

4 centrifugal digester recirculation 

pumps rated at 1,000 g.p.m. at 20-ft. 

total dynamic head. At normal 
lower heads.one of these pumps can 

turn a primary digester over in 30 

hr. or less. 

triplex plunger sludge storage utility 

pump rated at 300 g.p.m. 


the gallery at the settling 
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Metering Facilities 


The principal process meters at the 
plant are: 


1—30-ft. by 20-ft. Parshall flume for 
plant effluent. Although there is a 
time lag between this meter and the 
main sewage pumps, it was a ‘‘nat- 
ural’’ for this plant because of the 
presence of the 30-ft. wide chlorine 
contact channel. 

1—42-in. diameter Venturi meter for 
blower air. 

1—30-in. diameter Venturi meter for 
return sludge. 

1—10-in. diameter Venturi meter for 
raw excess sludge. 

1—8-in. diameter Venturi meter for 
digested sludge. 

8—Venturi insert meters (4 at 8-in. 
diameter and 4 at 4-in. diameter) for 
sludge gas. 

1—14 in. diameter orifice meter for to- 
tal sludge gas utilized. 


Ventilating and Deodorizing 
Equipment 


There are 15 ventilating fans with a 
total capacity of 248,000 c.f.m. Three 
ozonators, each of 5-lb. per day capac- 
ity, can inject ozone into the intake air 
for the aeration and settling tank area 
and into the exhaust air going to an 
ozone contact chamber. The discharge 
tower for the ventilation system is 
located at the corner of the aeration 
and settling tank structure farthest 
from any residence. 

New Sludge Vessel 

The new sludge vessel will retain the 
general characteristics of the vessels in 
the existing fleet (6), except that it is 
of welded construction and has about 
one-third more cargo space. The boat 
has a 283-ft. over-all length, a 45-ft. 
beam, and a 12-ft. design draft. The 
total volume of the sludge compart- 
ments is 68,500 cu. ft. and the cargo 
deadweight capacity 1,900 long tons. 
Design for gravity unloading is 
achieved, as in the existing vessels, by 
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Contract 
No. 
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TABLE I.—Estimated Contract Cost, Owls Head Pollution Control Project 


Title 

Rock spoil for sea wall 
South interceptor 
North interceptor 
Bulkhead, landfill, and out- 

fall 
Pump and power house 
Structures and equipment 
Sewage pumps 


Gas engine generators 
Blowers 


Contractor 
Gull and DeFelice 
Subterrane Corp. 
T. & T. Contracting Co. 
J. Rich Steers, Ine. 


Cost 
$ 48,500 (final) 


1,397,647 (final) 


Thompson-Starrett Co., Inc. 

Thompson-Starrett Co., Inc. 

Worthington Pump & Mach. 
Corp. 

National Supply Co. 

Roots-Connersville Blower 


6,431,580 (bid) 
340,000 (bid) 


2,140,000 (approx. 
1,700,000 (approx. 


3,799,760 (approx. 


646,208 (approx. 
277,492 (approx. 
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final) 
final) 


Corp. 
Heating and ventilating 
Ine. 
Plumbing 
Electrical equipment 


Roads, drains and land- 
scaping 
Sludge vessel 


Project total 


placing buoyancy spaces beneath the 
sludge compartments so that the sludge 
level in the latter is always above the 
water line. Propulsion machinery con- 
sists of twin-serew direct-reversing 
diesel engines each of 700 b.hp. at 275 
r.p.m. 
Cost of Construction 


The estimated construction contract 
cost of the project is $19,346,041, of 
which $1,158,800 is for the vessel, 
$3,840,000 for the interceptors, and 
$14,347,241 for the plant. Thus, the 
unit cost of the treatment plant proper 
will be approximately $90,000 per 
m.g.d. The contract breakdown is 
shown in Table I. The work was 
financed by the City of New York 
mainly from sewer rental funds. 


Mechanical Installations, 


Joseph F. Egan 

Plymouth Electric Const. 
Co. Ine. 

Queens Structures Corp. 


John H. Mathis Co. 


187,471 (bid) 


125,806 (approx. 
754,147 (approx. 


final) 
final) 


338,630 (bid) 
1,158,800 (bid) 


$19,346,041 


Organization 

The design and supervision of con- 
struction of the plant and the inter- 
ceptors were done by personnel of the 
Department of Publie Works, of which 
Frederick H. Zurmuhlen is Commis- 
sioner; Albert H. Morgan, Deputy 
Commissioner; and Richard H. Gould, 
Director of Sewage Disposal. During 
the design of the project Wellington 
Donaldson, Henry Liebman, and Wil- 
liam A. O’Leary, successively, were 
Chief of the Design Bureau. Alfred 
Glock has been Chief of the Construc- 
tion Bureau, with Leo Magid in charge 
of construction as Resident Engineer. 

Philip L. Rhodes, Naval Architect, 
was retained to design the sludge vessel 
and supervise its construction. 
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APPLICABILITY OF THE LETHAL PROPERTIES OF 
ULTRASOUND TO SANITARY ENGINEERING 
PRACTICE * 


By Joun P. Hortox,+ Murray P. Horwoop, anp DonaLp E, PHINNEY 


Department of Civil and Sanitary Engineering, Massachusetts Institute of Technology, 


The sanitary engineering profession 
has become increasingly aware of the 
application potentialities of ultrasonic 
vibrations during the past few years. 
In 1951 alone, three articles concerning 
the effects of ultrasound appeared in 
American sanitary engineering journals 
(1)(2)(3). The available literature 
concerning the applications of ultra- 
sonic vibrations points the way to 
numerous possible uses for acoustic 
energy. There is much to be gained 
from studying the results that have 
been presented in the past and that will 
undoubtedly be presented in the future. 

Sanitary engineers are principally 
concerned with what benefits, if any, 
will be available from the application 
of high-intensity, high-frequency sound 
waves to sanitary engineering processes. 
Will it be possible to coagulate sus- 
pended particles in water and sewage 
more rapidly? Will it be possible to 
sterilize water and sewage effluents with 
ultrasonic vibrations? Will it be pos- 
sible to decrease the unit cost of treat- 
ing sewage and industrial wastes? In 
order to determine the answers to these 
problems, it is necessary to examine the 
usual methods by which high-intensity 
acoustical energy may be applied to 
liquid media. 


Common Ultrasonic Generators 


At present there are two well-de- 
veloped methods available for the con- 


* Presented at 1952 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 17-18, 1952. 

t Present address: National Dairy Research 
Laboratories, Oakdale, L. I., N. Y. 
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version of electrical energy into high- 
intensity liquid-borne sound. The first 
method involves the utilization of the 
magnetostrictive properties of certain 
metals, especially nickel and annealed 
cobalt. When these metals are placed 
in an alternating magnetie field, the 
metal expands and contracts parallel 
to the direction of the magnetic field. 
By coordinating an electrical circuit to 
properties such as density, modulus of 
elasticity, and mass of the metal, it is 
possible to create a resonant magnetic 
field that will cause a rod to oscillate 
appreciably and generate sonic energy. 
The metal rod will generally tend to 
heat because of eddy currents and in- 
ternal friction, so that the rod must be 
cooled in order to maintain constant 
operating conditions. Temperature 
changes, affecting the physical proper- 
ties of the metal, detune the electrical 
circuit and decrease the energy output 
of the generator. In practice, the metal 
rods are usually made of laminated 
nickel sheets, which reduce the eddy 
current losses and diminish the heating 
effect. Although the linear displace- 
ment of the ends of the rod is limited 
by the modulus of elasticity (displace- 
ments greater than the limiting dis- 
placement rupturing the rod), bulk or 
volume displacements may be greatly 
increased by placing a metal diaphragm 
or piston on the end of the rod. 

This type of generator has been used 
only in laboratory experimentation ; 
plant-seale operation has not yet been 
successful. One of the major disad- 
vantages to the use of high-intensity 
sound generated by magnetostriction 
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generators is the low acoustic frequency 
at which the metal rod vibrates. Be- 
cause of the limitations of the various 
physical factors indicated above, the 
frequency of magnetostriction genera- 
tors is almost always within the audible 
range. This means that extensive prep- 
arations must be made to isolate the 
sound source, because the high intensity 
makes the sound unbearable. A pilot 
plant generator used some years ago to 
treat milk required a_ steel sound- 
deadening shell, which cost as much as 
the sonie generator. 

The second important type of genera- 
tor is the piezoelectric, or erystal genera- 
tor. The principle of the operation of 
piezoelectric oscillators was described 
in an earlier issue of Tuts JouRNAL (3) 
and will not be repeated here. The 
generator utilizes a crystal which ex- 
hibits the reverse piezoelectric effect. 
Heretofore, the active element was a 
quartz erystal, but more recently syn- 
thetic barium titanate ceramics have 
been used with great suecess. The 
naturally-oceurring quartz erystal has 
several serious disadvantages, which 
severely limit the possibilities of its use 
in plant-seale operations. 

The major disadvantage of quartz is 
the limitation to the total power that 
may be delivered by such a crystal. 
Although the quartz generators have 
been used extensively in experimental 
work, they are not suitable for exten- 
sion to large-scale operations. Quartz 
crystals are cut from mother crystals, 
which are naturally limited in size. 
The probability of using two or more 
quartz crystals in combination, driving 
them from a single or from separate 
generators, is slight because of the in- 
herent inequalities in naturally-oecur- 
ring crystals that prevent proper elec- 
tronic matching without expensive and 
complicated electrical networks. 

A second disadvantage of quartz is 
the excessively high voltage required 
to drive the erystal. The characteristics 
of quartz are such that voltages of the 
order of 30,000 to 40,000 v. are required 
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to obtain desired crystal responses. <AlI- 
though the current drawn, and conse- 
quently the power consumed, is rela- 
tively low, the high voltage is undesir- 
able from the standpoint of safety. 
Synthetic barium titanate ceramics 
were developed during World War II. 
The only reason that barium titanate 
has not yet surpassed quartz for re- 
search work is that quartz has been 


available for a longer time. Barium 
titanate ceramics have many advan- 


tages that make them possible sources 
of industrial ultrasound. Because the 
material is synthetic, the ceramics may 
be produced in a variety of sizes and 
shapes. The voltage required to drive 
barium titanate ceramics does not com- 
pare with that required for quartz, be- 
ing less by approximately three orders 
of magnitude. Of greatest importance, 
however, is the fact that ceramics may 
be made up as mosaics, similar to tile 
mosaics, in which all of the active ele- 
ments are properly tuned with respect 
to one another. Under this circum- 
stance, the acoustic power available 
may attain the proper order of magni- 
tude for industrial or plant-scale opera- 
tion. 

One disadvantage of barium titanate 
should be pointed out; namely, that 
ceramics have very poor heat character- 
isties and detune readily unless prop- 
erly cooled. The use of mosaies with 
small active elements, which may be 
force-cooled on both tends to 
overcome this disadvantage somewhat. 

Although magnetostrictive and piezo- 
electric generators are the best known 
and most widely used acoustic sources 
for the production of liquid-borne 
sound, there are other methods avail- 
able. Because many of the effects of 
liquid-borne sound are attributable to 
the phenomenon of cavitation, which is 
discussed later in this paper, any device 
that is capable of producing cavitation 
may serve as a substitute for an ultra- 
sonic generator. Promising studies 


faces, 


have been conducted using a liquid jet 
with a suitable deflector placed in front 
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FIGURE 1.—Cavitation “generator” for 
producing ultrasonic vibrations. 


of the orifice, such as is shown in Fig- 
ure 1. This device requires no moving 
parts and no electronic circuits. The 
source of the energy-producing cavita- 
tion is the liquid stream itself. If this 
type of ‘‘generator’’ can be developed 
successfully, the possibilities of plant- 
scale applications of acoustic energy 
will be greatly enhanced. 


Theoretical Considerations 


It was implied above that complex 
acoustic generators were used primarily 
to produce cavitation in liquid. Al- 
though this is not entirely true, there 
are only a few cases in which the ob- 


served effects of ultrasonic vibrations . 


have not been attributed to cavitation. 

How do ultrasonie vibrations pro- 
duce cavitation? It is necessary to 
point out that the effects of ultrasonic 
vibrations are not generally attribut- 
able to the high acoustic frequency, but 
rather to the high sound intensity. 
High frequencies, in the range which 
has been classified as ultrasonie (above 
18,000 cycles per second), are used be- 
cause it is possible to increase the 
acoustic intensity far beyond that 
which is tolerable at audible levels 
without endangering the hearing mech- 
anism. As such high-intensity sound 
is passed through water, the liquid ex- 
periences alternating tension and com- 
pression. When the acoustic intensity 
is sufficiently high, the tensile stress 
placed on the water becomes great 
enough to rupture the liquid near some 
weak point in its molecular structure, 
such as a gas bubble or a dust particle. 
Indeed, the acoustic pressure varia- 
tions do not even have to place the 
liquid under tension; if the instanta- 
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neous pressure is decreased low enough, 
the vapor pressure of the dissolved 
gases and of the liquid itself is reached, 
and the liquid is disrupted by the 
formation of gas bubbles. As the al- 
ternating high- and low-pressure zones 
created by the sound wave occupy very 
small areas, the bubble formation may 
be considered as a localized boiling. 

Because the liquid subjected to the 
sound wave experiences successive high- 
and low-pressure phases, the bubbles 
formed in the low-pressure, or tension 
zones are quickly collapsed as the fol- 
lowing high-pressure zone is encount- 
ered. As the formation and collapse of 
the bubble occurs very rapidly, it is 
reasonable to assume that the bubble 
does not contain very much gaseous 
material when it collapses. Under this 
circumstance the implosion may be 
related to a typical water hammer, with 
localized liquid pressures reaching the 
order of hundreds of atmospheres. 
Many investigators believe that the 
high-intensity shock waves formed by 
the collapse of the cavitation bubbles 
are responsible for destructive effects of 
ultrasonic vibrations. 

There is one further consideration 
that should be mentioned. When the 
desired ultrasonic effect is the destruc- 
tion of microorganisms, it is important 
for the cavitation implosion to occur 
in the immediate vicinity of the bacte- 
rial cell. It has been estimated (4) 
that the effective range of a shock wave 
generated by the implosion is of the 
order of lor 2 microns. In order to kill 
bacteria, then, it is necessary that there 
be a cavitation nucleus in the molecular 
structure of the water surrounding the 
bacterial cell. The weaker this nucleus 
becomes, the greater is the chance that 
cavitation will occur, and the greater 
is the chance that the bacterial cell will 
be destroyed. Generally speaking, most 
of the effects indicated hereinafter may 
be explained by considering the in- 
fluence of the variables on the molec- 
ular structure of the water-bacteria 
system. 
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Per Cent of E. coli Surviving Ultrasonic Vibrations at Various 
Environmental Temperatures 


Exposure Time (min.) 


Temp 
3 | 6 
61.1 | 
54.7 | 
52.8 
39.0 
32.4 


45 
60 
75 
85 
98 


39.5 
30.6 | 
24.1 
15.9 
10.1 | 


Experimental Apparatus and 
Technique 


The equipment used in these studies 
consisted mainly of a_ piezoelectric 
quartz generator operating at a fre- 
queney of approximately 400 kilocycles, 
as was described previously (1). In 
almost all of the studies the acoustic 
intensity was maintained at 5.7 watts 
per square centimeter. The method of 
measuring and controlling the acoustic 
intensity involved the calibration of a 
voltmeter across the erystal with a 
Siemens sound power meter as de- 
scribed in a previous article (5). 

Unless otherwise indicated, the tem- 
perature of the bacterial suspension 
undergoing treatment was maintained 
constantly at 60° F. through the use of 
a thermally jacketed test cell. 

The bacterial suspensions used in all 
of these tests, unless otherwise in- 
dicated, were made by suspending a 
portion of a 24-hr. nutrient broth cul- 
ture of E. coli in sterile distilled water. 
Analytical results were obtained by 
withdrawing samples of the test sus- 
pension periodically and plating them 
on nutrient agar after suitable serial 
dilution. The culturing and analytical 
methods were described previously in 
greater detail (1). 

In all eases, control suspensions were 
observed to eliminate undesirable en- 
vironmental variables that might af- 
fect the test results. 


23.1 
16.7 
13.4 


3.0 


6.6 
0.056 


Experimental Results 
Temperature 


The environmental temperature of 
the medium in which the bacterial cells 
are suspended plays a very important 
role in determining the rate at which 
they are destroyed. Table I and Fig- 
ure 2 show the results of a series of 
experiments in which the environ- 
mental temperature was varied be- 
tween 45° and 98° F. 

The results indicate that increases in 
the environmental temperature always 
lead to inereases in the rate of bacterial 
destruction within the temperature 
range explored. The highest tempera- 
ture used in this study was the opti- 
mum growth temperature for E. coli, 
the bacterial species being investigated. 
Control suspensions of bacteria held at 
these same environmental temperatures 
showed no appreciable change in num- 
bers within a time period of 1 hr. 

If the results of Figure 2 are re- 
plotted using time and temperature as 
arguments and per cent kill as a param- 
eter, the curves of Figure 3 result. 
This figure shows some very significant 
facts. If the curves of equal kill are 
extrapolated to the ordinate, they meet 
at a single point. This intersection oe- 
curs on the ordinate and the implica- 
tion is that, at the temperature rep- 
resented by the point of intersection— 
namely, 140° F.—practiecally instanta- 
neous bacterial destruction should be 
attained. Furthermore, because the 
point represents various percentage 
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kills, it is reasonable to expect steriliza- 
tion at this point also. Two special 
series of runs were made to test the 
validity of the hypothesis that when 
the environmental temperature was 
maintained in the vicinity of 140° F. 
practically instantaneous sterilization 
is obtained. 

The results of these special series 
show that at 131° F. a kill of 99.96 per 
cent was obtained in 5 min.; at 140° F. 
a kill of 99.88 per cent was obtained 
within 2 min. Thus, the results tend 
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to substantiate the prediction of the 
curves, that bacteria in an aqueous sus- 
pension are destroyed rapidly by ultra- 
sound when the environmental tem- 
perature is approximately 140° F. 


Surface Tension 


The surface tension of an aqueous 
solution is a good indication of the in- 
termolecular strength or weakness of 
the system as a whole. For this reason 
extensive observations were made to 
determine the effect of adding various 
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FIGURE 2.—Effect of environmental temperature on the ultrasonic death rate of E. coli. 
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TEMPERATURE (°F) 


| 


99.88% 
b—99.96% 


50 


EXPOSURE TIME, Minutes 


FIGURE 3.—Percentage of E. coli killed by ultrasonic vibrations at various times 
and temperatures. 


nontoxie agents which altered the sur- 
face tension. 

The chemicals used for this purpose 
included sodium chloride, sodium ni- 
trate, sodium benzoate, leucine, glycine, 
Bacto-peptone, and gelatin. These sub- 
stances were added in various concen- 
tration to the bacterial suspensions, the 
surface tension of the resultant system 
being measured by means of a du Nouy 
platinum ring torsion meter. Control 
suspensions, which were not sonorated, 


were observed in all cases, and when- 
ever a significant change in bacterial 
numbers occurred because of the pres- 
ence of the surface tension alterant, 
that suspension was eliminated from 
experimental consideration. 

All of the test bacterial suspensions 
were sonorated for 40 min., the samples 
for analysis being withdrawn at ap- 
propriate intervals. The results were 
plotted and the killing rate determined. 
Whenever a varying killing rate was 
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encountered, the average rate exerted 
over the last 30 min. of the test run was 
used as the representative killing rate. 

The correlation between the surface 
tension of the bacterial suspension and 
the rate of bacterial destruction in that 
suspension is presented in Table II and 
Figure 4. Figure 4 shows that the 
surface tension does have a significant 
effect on the ultrasonic killing rate of 
E. coli. As the surface tension in- 
creases, the killing rate increases like- 
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wise, the latter being an exponential 
function of the surface tension. 

A statistical analysis of the data 
using a correlation technique shows 
that the estimating equation for the 
curve is 

Y = —46+ 0.05X 


where Y is the logarithm to the base 
10 of the ultrasonic killing rate in 
reciprocal minutes and X is the surface 
tension in dynes per centimeter. The 
analysis showed that the coefficient of 
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FIGURE 4.—Effect of surface tension on the ultrasonic death rate of E. coli. 


G 
|| 
q 
0.20 
Vik: 
° 
fe} 
0.0 
x 
4 
0.02 
° 
65 


464 SEWAGE AND INDUSTRIAL WASTES April, 1952 


TABLE II.— Percentage of E. coli Surviving Ultrasonic Vibrations in the Presence of Various 
Compounds Which Affect Surface Tension 

Exposure Time (min.) Killing 

6 15 25 40 (dynes/cm. (min.~!) 

Distille ‘i water ~ 110.0 58.3 35.8 0.132 72.8 0.047 
Sodium chloride 8,500 80.9 44.4 10.5 0.154 76.6 0.057 
Sodium nitrate 200 67.0 28.5 3.72 0.91 73.1 0.063 
600 67.0 32.9 5.01 0.119 71.4 0.092 
Sodium benzoate 400 93.8 13.6 8.58 0.026 69.9 0.041 
1,200 75.7 35.5 11.7 0.103 72.8 0.088 

Leucine 200 90.5 50.2 23.1 5.79 69.6 0.035 
600 107.1 61.3 36.1 12.3 63.7 0.027 

1,000 128.2 81.0 52.6 25.8 66.4 0.020 

Glycine 400 95.4 43.9 17.8 2.33 71.0 0.045 
1,200 98.5 47.3 16.3 2.94 | 70.4 0.044 

2,000 96.8 47.6 16.1 $32 | 69.1 0.042 

Peptone (Bacto 25 71.8 30.2 6.2 1.18 71.8 0.056 
75 73.0 29.2 14.1 | 3.60 | 70.1 0.037 

125 68.2 31.2 1448 | 4.23 68.7 0.035 
Gelatin 200 | 1326 | 938 | 61.5 | 14.9 | 66.6 0.031 
600 | 85.0 | 65.0 40.8 22.0 | 61.6 0.018 

1,000 | 125. | 884 | 596 | 325 | 598 | 0017 


1 At 20° C. 


correlation for these data is 0.82, in- 
dicating that a definite relationship 
exists between the two variables. 


applicability of ultrasound as it affects 
the use of ultraviolet, experiments were 
conducted in which varying amounts 


Turbidity 


To determine whether or not turbid- 
ity is a limiting factor affecting the 


TABLE III. Percentage of E. coli Surviving 
Ultrasonic Vibrations in Turbid Samples 


| 


Exposure Time (min.) 
Turbidity 
p.p.m 


| 15 | 25 | 40 60 


(a) TURBIDITY 


| 
| 25. 6| 15.9 | 


| | 
20. | 74.6) 55.2 | 7.48 | 2 34 
30 =| 75.0 66.9 |27.2| 14.9 | 6.85 | 2.17 
50 75.8 | 57.1 | 25.2 | 12.6 | 4.69 | 1. 66 
150 | 80.0 | 61.9 = 0 | 19.2 | 8.96 | 2.56 
35.6 


500 toil 61.5 20.8 | 8.87 2.59 


(b) Biue Ciay (Kaouin) TurBIpiry 


0.0 | {1027 72.6 | 35.3 

0.7 | - | 80.2 | 58.2 

7 | — | 88.3 | 60.0 36.4 

70 — | 79.9 | 47.8 | 25.3 

700 | — | 80.4 | 55.1] 34.9 9.93 
7000 | — | 87.9 70.8 | 55.4 | 39.1) — 


of two different types of turbidity were 
added to the test suspension. In the 
first series, fullers’ earth turbidity was 
used. The results of these tests are 
shown in Table IIIa and Figure 5. 
Figure 5 shows that, within the range 
of turbidity explored, there was ap- 
parently no significant effect on the 
killing rate. 

3oston blue clay (kaolin) was used 
in the second series, the results being 
presented in Table IIIb and Figure 6. 
Figure 6 shows that the kaolin turbid- 
ity, like the fullers’ earth turbidity, 
had no significant effect on the ultra- 
sonic killing rate within the range be- 
low 700 p.p.m. As the turbidity in the 
test suspensions approached 1 per cent, 
the amount of energy absorption in the 
suspension, as indicated by the in- 
creased cooling required to maintain 
a constant temperature, became exces- 
sive, and the killing rate decreased ap- 
preciably. 

A comparison of Figures 5 and 6 
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indicates that the decrease in the kill- 
ing rate as the turbidity approached 1 
per cent probably commenced when the 
turbidity was as low as 50 p.p.m. 
However, at low turbidity concentra- 
tions, the decrease in the killing rate 
was slight. It is of some significance 
that the two different types of turbidity 
particles gave approximately the same 
result, indicating that the effect of 
turbidity is more a function of the 
number of particles rather than a func- 
tion of the shape of the particles. 
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pH 


The pH of the suspending medium 
often has a significant relationship to 
the effectiveness of germicidal agents. 
It is well known that chlorine is most 
effective at low pH values, its effective- 
ness decreasing with increasing pH. 
It was, therefore, desirable to ascertain 
whether the pH of the suspending 
medium plays an important part in the 
lethal effect produced by ultrasound. 

A series of experiments was conducted 
in which the bacterial suspension was 
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FIGURE 5.—Effect of fullers’ earth turbidity on the ultrasonic death rate of E. coli. 
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FIGURE 6.—Effect of kaolin turbidity on the ultrasonic death rate of E. coli. 


buffered at various pH values ranging 
from 5.15 to 9.60. The organisms in 
the test suspensions were usually ex- 
posed to the effects of ultrasound for 
40 min., although in some instances 
the exposure time was 2 hr. The dilu- 
tion involved in plating test samples 
decreased the buffer concentrations 
used for pH control to such a point 
that the pH of the nutrient agar cul- 
ture medium was not altered appreci- 
ably. 

The buffer systems used for pH con- 
trol were standard Clark and Lubs 


buffers. Control suspensions were 
made in each buffer solution, and the 
results showed that the buffers had no 
effect on the bacterial numbers during 
the time intervals involved. Even at 
pH 9.60 the change of bacterial num- 
bers was within the limit of experi- 
mental error involved in sampling and 
plating. 

The results of these experiments are 
presented in Table IV and Figure 7. 

Figure 7 shows that during the first 
20 min. of the test runs the pH of the 
sample did not seem to have an ap- 
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preciable effect on the killing rate. 
Even after 20 min. the samples buf- 
fered at 7.15 and below did not exhibit 
any significant difference in the killing 
rate. However, in the samples buffered 
at pH 8.10 and above, the killing rate 
did deviate from the initial rate, the 
rate increasing with longer exposure 
times. 

To determine whether or not the kill- 
ing rate would continue to increase over 
a longer time interval, two special 
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series of experiments were conducted 
at the higher pH levels. In order to 
avoid complex killing rates, the suspen- 
sions buffered at pH 9.60 were not used 
when the interval of treatment was 
prolonged. The results of this series 
are presented in Table V and Figure 8. 
The short runs at pH 7.15 are ineluded 
in Figure 8 for the purpose of com- 
parison. It will be noted that the kill- 
ing rates did increase continually over 
longer exposure periods. After sono- 
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7.15 
b—pH 5.15 
c—pH 6.10 
d—pH 8.10 
e—pH 9.60 
f—pH 8.80 
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FIGURE 7.—Effect of pH on the ultrasonic death rate of E. coli. 
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TABLE IV. —-Percentage of E. coli Surviving 
Ultrasonic Vibrations in Buffered Samples 


Exposure Time (min 


pH 


5.15 
6.10 
7.15 
8.10 
8.80 
9.60 


rating suspensions at pH 8.80 for 70 
min., the killing rate became almost 
instantaneous, that is, the slope of the 
curve was almost vertical. 

As a result of these experiments, the 
conclusion may be drawn that the pH 
of the suspending medium does not in- 
fluence the ultrasonic killing rate over 
short (less than 20-min.) time intervals. 
If the ultrasonic destruction of miecro- 
organisms is carried out over a longer 
time interval, the killing effect is great- 
est at the highest pH. 


E ffe ct on Endamoeba histoly tica 


It is well known that the cysts of 
Endamoeba histolytica are remarkably 
resistant to disinfection by chlorine, 
even in comparatively high 
trations. The potential danger result- 
ing from such high chlorine resistance 
is obvious, and it was, therefore, of 
some importance to determine whether 
or not ultrasound could be used sue- 


concen- 


TABLE V.—Percentage of E. coli Surviving 
Ultrasonic Vibrations in Buffered Samples, 
Long Exposure Series 


pH 


Exposure Time 
min.) | 


8.80 


50.6 

21.1 
5.06 
0.72 


0.0054 


0.0225 
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cessfully against these forms of the 
Endamoeba histolytica. 

3ecause of the nature of the organ- 
isms, the studies on the Endamoeba 
cysts were necessarily quite different 
from those on FE. coli. The protozoan 
culture, obtained through the courtesy 
of Dr. 8. L. Chang, Harvard Univer- 
sity, was the NRS strain, which had 
been used extensively in research work. 
The culturing technic followed was 
similar to that of Chang (6)(7). The 
eulture was normally carried on Boeck- 
Drbohlav egg medium, on which the 
organisms existed as active trophozoites. 
Three to 4 days before the subculture 
was used in the testing procedure, the 
organisms were transferred to the 
M/30 phosphate encystment medium 
recommended by Chang. At the time 
of testing the eysts were removed from 
culture tubes and centrifuged at 1,500 
r.p.m. for 15 min. The sediment was 
suspended in sterile saline and placed 
aseptically in the test container. 

Cyst enumeration was accomplished 
by removing a sample of the test sus- 
pension with a wide-mouthed pipette 
and placing a drop of the sample on a 
microscope slide. The cysts were 
stained with iodine and placed under a 
cover slip. The entire volume under 
the cover slip (1/25 ml.) was counted 


TABLE VI.—Percentage of Endamoeba 
histolytica Cysts Surviving Ultrasonic 
Vibrations at 60° F. 


Exposure Time Surviving 
(%) 


' After sonoration, 1 sample was centrifuged, 
and the sediment inoculated onto egg 
slants. Observations after 96-hr. incubation at 
37° C. showed moderate growth. 

2 After sonoration, 2 samples were centri- 
fuged, and the sediment was inoculated onto 
egg slants. After incubation as above, ob- 
servations showed no growth in either case. 
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FIGURE 8.—Effect of pH on the ultrasonic death rate of E. coli. 


under low-power (100) magnifica- 
tion, approximately 225 fields per cover 
slip being observed. There was no 
difficulty in distinguishing between vi- 
able and destroyed eysts, as the latter 
were no longer discernible under the 
microscope, whereas the former were 
easily recognizable. 

The results of the studies on End- 
amoeba histolytica are presented in 
Table VI and Figure 9, where the 
killing rate is compared with that of 
Escherichia coli and Saccharomyces 


cerevisiae as determined by Preston 
(8). Figure 9 shows that the cysts 
were destroyed much more rapidly than 
the bacteria or the yeast, the time re- 
quired for sterilization being slightly 
over 30 sec. The active form of the 
protozoan, the trophozoite, was de- 
stroyed even more rapidly than the 
comparatively resistant encysted form. 


Limitations of Ultrasound 


There are several very important 
limitations to the application of ultra- 
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sonic energy as a bactericidal agent. 
These must be recognized before a 
proper evaluation can be made of the 
usefulness of this tool to the sanitary 
engineering profession. 

In the discussion of the relation be- 
tween high-intensity sound and cavita- 
tion, it was pointed out that the pro- 
duction of bubbles, or cavities, was es- 
sential to the destructive action. Un- 
fortunately, cavitation 


these same 
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bubbles also act to obstruct the passage 
of acoustic energy and, in effect, at- 
tenuate the sound wave. To reduce 
this attenuation it is necessary to ap- 
ply the acoustic energy to thin liquid 
laminae in which the sound is not re- 
quired to penetrate deeply. If this is 
not done, there may be a significant 
loss of acoustical energy. It can be 
demonstrated that under certain cir- 
cumstanees increases in the acoustic 
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FIGURE 9.—Relative ultrasonic death rates of Endamoeba histolytica, 
cerevisiae, and Escherichia colt. 
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energy may actually lead to decreased 
lethal effects because of excessive at- 
tenuation (4). 

The disadvantage of treating large 
quantities of liquid in thin laminae is 
well known, so that bubble attenuation 
and the depth factor are significant 
limitations to the application of ultra- 
sound to any liquid system. 

When sewage or industrial waste is 
to be treated, two other complicating 
factors enter the picture. The detri- 
mental effects of turbidity and surface 
tension on the ultrasonic killing rate 
have been previously described. Tur- 
bidity in domestic sewage or industrial 
waste is usually well above 500 p.p.m. 
Consequently, it is to be expected that 
there will be a considerable reduction 
in the lethal effect of the ultrasonic 
vibrations. Where the turbidity ap- 
proaches 1 per cent, the effectiveness 
of ultrasonic energy as a germicidal 
agent will be severely restricted. 

Generally speaking, the surface ten- 
sion of water is reduced by the pres- 
ence of most organic compounds, pro- 
teins having a very pronounced de- 
pressant effect. The few compounds 
that raise the surface tension do not 
inerease it to a degree comparable to 
the depressant effect of proteins or 
other organic compounds.  Conse- 
quently, the surface tension of do- 
mestie sewage or industrial waste will 
usually be significantly below that of 
pure water. Because the killing rate 
is directly affected by the surface ten- 
sion, the bacteria in wastes encoun- 
tered in practice will be affected less 
by ultrasound than those in aqueous 
suspensions used in laboratory work. 


Conclusions 


Based on present cost estimates, it 
would seem that ultrasonic vibrations 
are not practically applicable as a bac- 
tericidal agent. Using the data shown 
in Figure 3 and computing power costs 
on the basis of 2¢ per kilowatt-hour, 
it was concluded that operating costs 
would approximate $15,000 to sterilize 


APPLICABILITY OF ULTRASOUND 


471 


1,000,000 gal. of water if the tempera- 
ture were already close to 140°F. It 
seems fairly certain, therefore, that the 
bactericidal properties of ultrasound 
will not be significant to the sanitary 
engineer. 


Summary 


1. Several types of ultrasonic gen- 
erating equipment are briefly described. 
The most promising type seems to be 
the barium titanate piezoelectric gen- 
erator. 

2. The environmental temperature of 
the bacterial suspension is shown to 
have great importance in determining 
the ultrasonic killing rate. Extremely 
rapid killing was indicated in the 
neighborhood of 140° F. 

3. Organic compounds such as pro- 
teins and other surface tension depres- 
sants have a protective action against 
the bactericidal effects of ultrasound. 
It is shown that the ultrasonic killing 
rate is an exponential function of the 
surface tension, decreasing with di- 
minishing surface tension. 

4. The turbidity of sewage and in- 
dustrial waste limits the effectiveness 
of ultrasound as a bactericidal agent 
when the turbidity is greater than 
500 p.p.m. 

5. The pH of the liquid does not af- 
fect the killing rate significantly dur- 
ing short time (20-min.) exposures. 
For longer exposures the killing rate 
increases at higher pH levels. 

6. Pathogenic protozoa, such as the 
cysts of Endamoeba histolytica, are 
rapidly destroyed by ultrasonic vibra- 
tions, the time required for sterilization 
being approximately 0.5 min. 

7. Based on present cost considera- 
tions, the bactericidal properties of 
ultrasound do not seem to be practi- 
cable in the sanitary engineering field. 
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SHOP-MADE RIGS EXPEDITE CLAY TUNNEL JOB 


When progress on a 24,000-ft. sewer tun 
nel in Saginaw, Mich., was threatened re 
cently by a shortage of clay miners, the 
contractor on the job designed two tunnel 
ing machines to help with the mining and 
completed the project four months ahead 
of schedule. The contractor was the Michi- 
gan Sewer Construction Company of De- 
troit and the machines were built com- 
pletely in the company’s own shop. 

Fortunately, the path of the tunnel lay 
through a clay formation where a simple 
wheel-type machine would be practical. 
Producing such a machine for use in a 
tunnel with a bore of only 8 ft. 4 in. pre- 
sented some difficult problems, but these 
were finally worked out successfully. 

small 


high-speed diesel engine pre 


viously purchased to repower a shovel was 


diverted to the sewer job and connected to 
a high-speed generator. Two four-spoke 
wheels with 3-in. cutter teeth on each spoke 
were fabricated with little difficulty. The 
cutter teeth were arranged so that they 
formed a solid cutting front when the wheel 
was turned. 

A major problem was to obtain motors 
small enough to operate in the space avail 
able in the tunnel and yet powerful enough 
to start up the cutter wheels under full 
load, as the cutter teeth had to be imbedded 
constantly in the clay once the wheel was 


started. Another motor was needed on each 
machine to operate the conveyor belt, which 
moved the clay droppings back to waiting 
cars. 
The 


posite headings in the 


machines were set to work in op- 
tunnel, with the 
diesel-powered generator stationed on the 
surface near a centralized shaft opening. 
The tunnel advanced 1 to 3 in. at the turn 
of each wheel. Although progress was such 
that the eutters needed only one-third of 
the time required by hand diggers to mine 
an equal distance, it was impossible to 
utilize the full mining potential of the ma- 
chines because the small bore of the tun- 
nel allowed only a single-track railroad to 
transport the dug material back to the 
shaft. The job was accelerated, however, 
beeause highly skilled clay miners were not 
required to operate the machines and they 
could, therefore, be used steadily in addi- 
tion to headings operated by ordinary hand 
methods. 

The three-eylinder diesel engine used to 
drive the generator ran at a speed high 
enough to be direct-conneeted to the high- 
speed generator. This eliminated the need 
for a gear box and, of course, saved the 
company considerable time and expense in 
effecting the installation. Most of the ma- 
chine parts went back to work on other 
equipment when the job was done. 
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USE OF CALCIUM CHLORIDE IN THE TREATMENT 
OF INDUSTRIAL WASTES * 


By Josepu A. McCartuy 


Chief of Laboratory, Lawrence Experiment Station, Mass. Dept. of Publie Health, 
Lawrence, Mass. 


A few years ago a paper (1) was 
presented dealing with a method de- 
veloped at the Lawrence Experiment 
Station for using calcium chloride and 
carbon dioxide in treating wastes re- 
sulting from the scouring of wool. Ex- 
perimental data were presented at that 
time, including the results of a few 
large-scale experiments. The present 
paper sets forth the result of full-seale 
operations in New England plants and 
further experimental developments, not 
only in textile wastes, but in wastes 
from other industries as well. 

Three wool scouring plants are now 


treating all their wastes with calcium: 


chloride ; none of them, however, is us- 
ing carbon dioxide at present. The 
reasons for this will be discussed later. 


Mill A 


Mill A, an integrated plant carrying 
through completely the process from 
grease wool to yarn or cloth, has a 
plentiful supply of process water and 
uses more than 2 gal. of water per 
pound of wool scoured. This is some- 
what above average as shown in earlier 
measurements. Synthetic detergents 
and soda ash, both in rather carefully 
controlled quantities, are used in the 
wool scour. The heavy scouring liquors 
and dilute waters from two rinsing 
bowls are combined for discharge. For 

* Presented at 1951 Fall Meeting, New Eng- 
land Sewage and Industrial Wastes Assn.; 
Providence, R. I.; Nov. 7, 1951. 


more than a year this mill has been 
using calcium chloride in treatment of 
these combined wastes, with more or 
less rule-of-thumb control. Analysis of 
chlorides in the last set of composite 
samples taken from this plant indicated 
a dosage at the time of something less 
than 0.2 per cent of technical chloride, 
which was apparently somewhat of an 
overdose. The mill has convenient 
tanks with a rather ample settling 
capacity and the average sedimentation 
period after coagulating is at least 8 
hr. At the time of the last sampling, 
the mixed wastes had a B.O.D. of only 
1,800 p.p.m., of which 1,700 p.p.m. was 
in solution. After the calcium chloride 
treatment and sedimentation, the super- 
natant as discharged to the stream had 
a B.O.D. of 970 p.p.m., a reduction of 
46 per cent from the original. It is ap- 
parent from these data that a consider- 
able part of the dissolved B.O.D. had 
also been coagulated and removed. In 
reporting the original experiments, it 
was stated that removal of B.O.D. 
seemed limited to that in suspension, 
unless excessive doses of chloride were 
used. It seems from the results of the 
full-scale treatments that in large 
volumes considerable amounts of dis- 
solved B.O.D. can also be taken out 
readily. Hexane solubles showed a 96 
per cent reduction; about 98 per cent 
of the total suspended solids and 96 
per cent of the volatile suspended solids 
were removed. The supernatant as dis- 
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TABLE I.—Analytical Data for Wastes 
from Mill A 


| Susp. Sol. 

| Hexane | 5-Day (p.p.m.) 
pH | Soluble | B.O.D. 
| (p.p.m.)! (p.p.m. 


Sample 


Raw waste | 8.4) 1,700 | 1,800 6,500 | 2,400 

Supernatant | 7.0) 70 | 970 | 141] 117 

Removal (%) 96 | 46 98) 95 


| 


| 
| 
| 


1 1,700 p.p.m. in solution. 


charged was remarkably stable and had 
a rather pleasant odor. The volume of 
sludge is something less than 10 per 
cent of that of the original waste. No 
attempt has been made thus far to re- 
cover the wool wax in this sludge. 
Analytical data for the samples are 
given in Table I. 


Mill B 


Mill B is a custom scouring plant 
generally treating medium or coarse 
wools. The mill has a rather limited 
water supply and this restricts the 
volume used in scouring to 1.5 gal. or 
less per pound of wool, thus tending 
toward the production of more con- 
centrated wastes. Soda in generally 
rather high doses is always used and 
generally both soap and synthetic de- 
tergents are employed, with the rela- 
tive proportion of each varying with 
the type of wool treated. This mill uses 
a four-bowl scouring train; all the 
heavy liquors from the first two bowls 
and that produced in the third bowl 
in the latter part of the day are dis- 
charged to the treatment plant. 
Lighter liquors from the third bowl and 
all the rinses from the fourth bowl may 
be discharged without treatment or re- 
turned to the process. <All waste re- 
sulting from washing up of the bowls 
is also treated. 

For more than three years this mill 
has been using calcium chloride con- 
trolled by occasional jar tests and by 
the appearance of the coagulating 
tanks. During the time that the last 
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set of composite samples was collected, 
the dosage was about 0.25 per cent by 
weight of technical calcium chloride, 
which was again apparently an exces- 
sive amount of coagulant. The B.O.D. 
of the raw wastes as discharged to the 
treatment plant was 7,400 p.p.m., of 
which 4,600 p.p.m. was in solution and 
2,800 p.p.m. in suspension. The super- 
natant, after calcium chloride treat- 
ment and approximately 5 hr. of sedi- 
mentation, had a B.O.D. of 2,000 
p-p.m., a reduction of 73 per cent, 
and again an apparently considerable 
amount of the dissolved B.O.D., in this 
case about 56 per cent, had been co- 
agulated and removed. Hexane sol- 
ubles were reduced about 97 per cent 
and suspended solids nearly 99 per 
cent. 

The mixture of treated scouring 
liquors, untreated rinse waters, and a 
small amount of condenser water, as 
discharged to the stream, had a B.O.D. 
of 270 p.p.m., hexane solubles of 100 
p.p.m., and suspended solids of only 
34 p.p.m. The color of the mixture was 
somewhat less than that of the receiv- 
ing stream. Thus far, the company has 
pumped the sludge to a concentrating 
lagoon without any complaints in re- 
gard to odors. No attempt has been 
made by the company to recover the 8 
to 10 per cent of wool grease in the 
concentrated sludge, but another con- 
cern has been experimenting with re- 
covery. Analytical data for the latest 
samples are given in Table IT. 


TABLE II.—Analytical Data for 


| | 
| | Susp. Sol. 
| Hexane | 5-Day (p.p.m.) 
| Soluble | B.O.D. 
| (p.p.m.)| (p.p.m.) 
| Total | Loss 


Raw waste | 9.0! 7,600 6,400 | 5,600 

Supernatant | 7.8} 240 68 58 

Removal (%) | — 97 99 99 

Mixed efflu- | 8.0) 100 34 | 30 
ent | 


' 4,600 p.p.m. in solution. 
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Mill C 


Mill C treats mainly fine wools, 
which produce wastes relatively high in 
grease and low in dirt. This plant 
segregates the heavy scouring liquors 
from the first two bowls of the four- 
bowl train and recovers the grease by 
super-centrifuging, removing from 25 
to 45 per cent, and occasionally even 
more, of the available grease. The re- 
sulting liquor, as shown in the last set 
of composite samples, still contained 
about 0.5 per cent of hexane solubles 
and had 7,700 p.p.m. of suspended 
solids. The B.O.D. was 4,500 p.p.m., 
of which 2,700 p.p.m. (60 per cent) 
was in solution. 

The mill has developed a_ rather 
novel process for treatment of this 
liquor ; calcium chloride slurry is added 
and thoroughly mixed with the waste as 
fed to a low-speed centrifuge, from 
which the waste proceeds to a settling 
tank having a 2- to 3-hr. detention. 
Practically all of the sludge resulting 


from the coagulation rises to the top of 
the tank, from which it is removed by 
slowly revolving paddles, which sweep 


the material into a chute. The material 
thus removed, containing about 5 per 
cent solids, is discharged to a concen- 
trating tank, which further increases 
the solid content to about 12 per cent. 
The last sample of clarified liquor, 
with an indicated use of just less than 
1.0 per cent of calcium chloride, showed 
a hexane soluble content of 90 p.p.m., 
a reduction of more than 98 per cent, 
and 320 p.p.m. of suspended solids, 
or 96 per cent removal. The B.O.D. 
was 1,480 p.p.m., which indicates that 
all the suspended B.O.D. had been re- 
moved and about 20 per cent of the 
dissolved B.O.D. as well. The liquor 
was remarkably stable and remained 
inoffensive after standing five days in 
the laboratory during the summer 
time. The sample of raw liquor de- 
veloped nauseating odors overnight. 
Thus far, only experimental recovery 
of grease from concentrated sludge 
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has been attempted. In the laboratory, 
one sample of the sludge, which con- 
tained about 8 per cent solids and 3.5 
per cent of grease, was boiled and 
centrifuged, with resulting recovery of 
about 0.7 per cent of wool wax of good 
color, or 20 per cent of the total avail- 
able grease; also, 1.3 per cent of other 
hexane solubles. The addition of about 
3.5 per cent of calcium chloride to the 
sludge following pH adjustment to 7.8 
resulted in recovery of nearly 70 per 
cent of the hexane solubles in the 
sludge. The product of this experi- 
ment was slightly brownish in color, 
but it could have been further treated 
for recovery of low-colored wax. 

At this same plant, in cooperation 
with Metealf & Eddy, five successive ex- 
perimental batches of strong waste, in 
each case about 800 gal. of waste, were 
treated with a dose of 0.85 per cent of 
technical calcium chloride, which was 
mixed into the liquors by earbon di- 
oxide. For the five lots, the average re- 
duction of hexane solubles was about 93 
per cent; 70 per cent of the B.O.D. was 
removed; and the average supernatant 
had a suspended solids content of only 
40 p.p.m., a reduction of 98 per cent. 

As previously indicated, none of the 
plants has as yet included carbon di- 
oxide in the treatment process. The 
Lawrence Experiment Station has con- 
ducted experiments from time to time 
with the wastes of all these plants, 
comparing the use of carbon dioxide 
with pH adjustment followed by eal- 
cium chloride with the calcium chloride 
now employed alone. In every case it 
has been found possible to reduce 
the amount of chloride required by 
10 to 40 per cent. Apparently the 
mills are obtaining satisfactory results 
and are finding it relatively easy and 
cheap to use the chloride alone. Thus, 
they have not felt warranted in mak- 
ing the capital expenditures necessary 
for the introduction of carbon dioxide, 
even though all the plants have plenty 
of this gas available in their stacks. 
fable IIT gives analytical data for both 
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TABLE III.—-Analytical Data for Wastes 


from Mill C 


| | | Susp. Sol. 
} | Hexane| 5-Day (p.p.m.) 
| pH| Soluble | B.O.D 

| (p.p.m.)| (p.p.m. | 


Sample 


| Total | Loss 


a) FuLL ScaLte; DeEGREASED Heavy Wastes! 
Mixed wastes? 9.5} 4,800 | 4,500" 7,700) 3,700 
Supernatant 90/ 1,480} 320) 260 
Removal (%) | 98 | 67 96} 93 
Sludge '24,000 |13,300 46,000) 30,000 
b) Joinr EXPERIMENTAL Work; 
800-GaL. Lors* 


| 6,000 2,040) 
390 | 1,790 
93 | 70 | 98} 
| | 


taw waste 5,200 
Settled 

temoval (% 


36 


Treated with calcium chloride and centri- 
fuged. 

2 After degreasing. 

* 1,800 p.p.m. in solution. 

*Calcium chloride dosage of 0.85 per cent 
mixed with waste by carbon dioxide. 


the full-scale and experimental treat- 
ments. 
Mill D 

Fairly large-scale experiments have 
been made on the degreased waste from 
mill D, which scours fine wools almost 
exclusively with relatively small vol- 
umes of water. Even after super-cen- 
trifuging to remove wool waxes, the 
wastes from this mill, which uses soap 
and a rather large amount of soda in 
its process, contained 13,800 p.p.m. of 
hexane solubles and 13,100 p.p.m. of 
B.0O.D., of which about one-half was 


in suspension. Successive increasing 


Hexane Soluble 
Calcium 
Chioride 


p.p.m Rem. (‘ 


p.p.m 


13,800 
13,000 
9,300 
9,300 
700 
150 


11,200 
10,200 
11,400 
6,400 
6,400 


31 
33 
95 


1 6,600 p.p.m. in solution. 
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TABLE IV. Analytical Data for Waste from Mill D 


5-Day B.O.D. 


13,100! 


April, 1952 


amounts of calcium chloride without 
pH adjustment were added to portions 
of this waste. A supernatant resulting 
from 0.5 per cent chloride showed slight 
reductions in grease and B.O.D.; 1.5 
per cent removed about one-third of 
the grease and one-fifth of the B.O.D.; 
2 per cent gave a 95 per cent reduc- 
tion in hexane solubles and removed 
all the suspended B.O.D., with a reduc- 
tion of nearly 97 per cent in suspended 
solids. When 2.5 per cent of the chlo- 
ride was added, 99 per cent of the 
grease was removed and the suspended 
solids remaining were only 8 p.p.m., as 
compared to 3,800 p.p.m. in the original 
waste. Analytical data for this waste 
are given in Table IV. 


Mill E 


Experimental treatment on a large 
scale has been carried on at Mill E, 
which will lead, it is hoped, to full- 
plant use. This plant uses a three-bowl 
train, scouring in the first two and 
rinsing in the third bowl. Medium- 
vrade wools are generally scoured with 
a moderate amount of water, so that 
the wastes are rather high in suspended 
solids and B.O.D., but fairly low in 
grease. Scouring is carried out by the 
batch process; all three bowls are used 
more or less to saturation and then 
dumped at once. On one experimental 
lot sampled, a small amount of soap, 
larger amounts of synthetic detergent, 
and moderate amounts of soda had been 
used. With calcium chloride alone, it 
was found necessary to use 2 per 
to obtain a satisfactory 


cent 
‘Serack’’ with 


Susp. Sol. (p.p.m 


Rem. (% Total Rem. (% 


3,800 
3,700 
3,600 
3,800 


4 
{ 
4 
| 
} 
: 
| 
| | 
0.0 | | 3,550 
| | oF 
| | ’ 
ae 1.0 | | | 22 3,400 
| | ‘ | Qr 
1.5 | | 13 3,500 
7p 2.0 | 51 100 97 60 
jaa 2.5 = | 51 | 8 99+ | 4 
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CALCIUM CHLORIDE 


TABLE V.—Analytical Data for Waste from Mill E. 


Hexane Sol. 


5-Day B.O.D. 


Sample 


(p.p.m.) 


Rem. ( 
(%) p.p.m.) 


Rem. 
70) 


Mrxep Scours Rinse! 


Mixed wastes 
+2% CaCl. 

+1% CaCl. + CO, 
+1.2% CaCle 


7,800? | — 
2,100 73 
2,100 73 
2,300 70 


ALL SYNTHETIC 


JETERGENT 


Mixed waste 6,700 
+2% CaCl, 150° F. . 400 
Two-step 

0.4% CaCls, 100° F. 

+0.2% CaCl. + 0.02% lime 


' Batch scouring. 
* 3,600 p.p.m. in solution. 


this waste. This resulted in removal 
of 73 per cent of B.O.D., including 
some suspended, and 95 per cent of 
hexane solubles, and produced a liquor 
with suspended solids of only 100 
p.p.m., a reduction of over 99 per cent. 
When the pH in this lot of waste was 
adjusted to about 7.9 by earbon di- 
oxide, only 1 per cent of calcium chlo- 
ride was required to crack the waste, 
with a resulting supernatant showing 
approximately the same removals of 
B.O.D. and grease as the chloride alone, 
but with suspended solids of only 65 
p.p.m. It was found necessary to use 
1.2 per cent of caleium hypochlorite, 
which gave a clarified liquor with 
hexane soluble removal of 88 per cent, 
B.O.D. removal of 70 per cent, and sus- 
pended solids of 180 p.p.m. (about 98 
per cent removal). 

On another lot of waste from the 
same mill, this time produced by the 
use of synthetic detergents and soda 
with no soap, 2 per cent of calcium 
chloride applied at 150° F. with no 
earbon dioxide reduced the hexane 
solubles by 94 per cent and the B.O.D. 
by 65 per cent, with 99 per cent re- 
moval of suspended solids. Calcium 


9,000 
3,100 


3,350 


chloride was added to another portion 
of the same waste in two steps, in the 
first of which 0.4 per cent was applied 


at only 100° F., followed by sedimenta- 
tion, and then a further amount of 
0.2 per cent calcium chloride at the 
same temperature was added to the 
supernatant. The final liquor gave re- 
sults very similar to the one-batch 
treatment, with slightly higher B.O.D., 
but lower grease and suspended solids. 
The net volume of sludge, however, 
was nearly 30 per cent of the original 
waste, as compared to about 19 per cent 
by the single addition method. When 
the sludges produced by the single 
and the double addition methods were 
further concentrated, however, there 
was found to be little or no difference 
in volume. Table V gives analytical 
data for this work. 


Fulling Mill 


Treatment with calcium chloride 
gave interesting results from another 
type of textile waste, this time from 
a fulling mill. These wastes settled 
very poorly, with only about 10 per 
cent reduction in suspended solids af- 


A 
477 
— Total | Loss 
(a) 
9.0| 5,300 | — 14,000} — | 6,200 
7.7| 300] 95 100| 99 70 oad 
7.5| 350 | 94 99 45 
7.7| 640 | 88 180} 99 120 
| 12,600} — | 6,800 
04 66 | 90} 99 60 
| 95 | 62 | 99 50 
| 
| 
Ne 
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ter only 24-hr. sedimentation. The use 
of carbon dioxide to reduce the pH 
from 10 to 8.5, followed by addition of 
0.05 per cent calcium chloride, after 
1-hr. settling gave a supernatant which 
contained only 65 p.p.m. of suspended 
solids, a reduction of more than 97 
per cent. Almost all of the B.O.D. in 
the original was in solution and the 
treatment gave a reduction of only 
about 25 per cent. 

These fulling wastes were then mixed 
with acid dye wastes produced from 
the same plant, but plain sedimenta- 
tion of the mixtures for 24 hr. still re- 
moved only 7 per cent of the suspended 
solids and no effective change in B.O.D. 
was observed. Carbon dioxide treat- 
ment, followed again by 0.05 per cent 
of calcium chloride, produced in 1 hr. 
a clear liquor with only 40 p.p.m. of 
suspended solids, a reduction of nearly 
98 per cent. The B.O.D. removal was 
again only about 15 per cent. The 
fulling mill waste, either with or with- 
out the addition of dye wastes, pro- 
duced after this treatment a light, 
fluffy, floating sludge containing a con- 
siderable amount of fine fibers, which 
was readily removed by skimming. 
The clarified liquors after this skim- 
ming were apparently the same blue- 
gray color as the original waste, but 
dilution with the water of the receiving 
stream showed that the intensity of the 
color had been reduced more than 50 
per cent by treatment. Analytical data 
are given in Table VI. 


TABLE VI.—-Analytical Data for Fulling Mill Wastes 
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Rouge Wastes 


An optical company in Massachu- 
setts produces a waste which thus 
far has been found very difficult to 
treat. The waste contains considerable 
amounts of very finely divided iron 
(rouge), small amounts of very finely 
powdered glass, and _ considerable 
amounts of a detergent. It has been 
observed that the red color thus pro- 
duced is still visible in the receiving 
stream 15 mi. below the plant. Plain 
sedimentation effects comparatively 
little change in color or in iron con- 
tent; only the heaviest suspended sol- 
ids are removed, even after 24 hr. The 
Experiment Station has cooperated in 
several experimental studies on coagu- 
lation of this waste. Recent experi- 
ments on a fairly large scale indicate 
that the addition of about 2 grains per 
gallon of lime, followed by 0.3 per cent 
caleium chloride, will almost com- 
pletely coagulate the materials in these 
wastes. It also was found possible to 
reduce the amount of calcium chloride 
to 0.15 per cent by the addition of 3 
grains per gallon of lime. Other 
amounts of the two coagulants result- 
ing in a pH from 8.0 to 8.2 were also 
found to give satisfactory coagulation, 
but the amounts previously mentioned 
seemed to be the most economical. 

It was found that the B.O.D. in the 
original waste was only 80 p.p.m., of 
which only 17 p.p.m. was in solution. 
The treatment with lime and calcium 
chloride completely removed suspended 


| 5-Day B.O.D. | Susp. Sol. (p.p.m 
Sample pH |— ] ] 
Rem | Total | Rem. Rem. 
= 
Raw wastes 19.0 | 2,750! | - | 2,430 — 2,160 — 
CO, to pH 8.5 + 0.05% CaC}. | 7.8 | 2,100 | 24 | 65 97 | 40 98 
Raw wastes mixed with dye wastes | 9.8 | 2,230? | 1860 | — 1,720 — 
Mixed water after 24 hr. settling | - | 2,2002 | 1,740 | 6 1,690 2 
CO, to pH 8.6 + 0.05% CaCl? 1900 | 15) | 40 98 38 98 


2,250 p.p.m. in solution. 
* 2,120 p.p.m. in solution. 


3 Color intensity reduced 50 per cent; light, fluffy, floating sludge. 
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TABLE VII.—Analytical Data on Rouge Wastes 
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Iron 


Sample pH 
(p.p.im.) 

Raw waste 5.9 | 540 
Settled 7.3 | —' | 103 
Raw treated with 8.2 | 25 3.2 

0.3% CaCl, + 2 gr. /gal. 

lime 
Raw treated with 8.0} 15 1.4 


0.15% CaCl, + 3 gr. /gal. | 
lime 
| 


5-Day B.O.D. Susp. Sol. 
Rem Rem. | Total | Rew. | Lowe 
— | se | — | sso | — | 200] — 
si | 34 | 58 | 362 | 57| 22] 90 
99 | 17 | 78 1 | 100 0 | 100 
9+) 14 | 83 | 0 | 100 | | 100 
| 


' Still pink after dilution with 50 volumes of river water. 


2 17 p.p.m. in solution. 


B.O.D. The suspended solids in the 
original waste were about 840 p.p.m. 
and the results from the two experi- 
mental treatments showed 1 and 0 
p.p.m. remaining. Iron in the original 
waste was 540 p.p.m.; results of 3.2 
and 1.4 p.p.m. were obtained in the 
clarified liquors. The most startling 
results, however, were shown in the re- 
duction of color. The original waste 
after 50-time dilution with the water 
of the receiving stream still showed a 
decided pink. The color in the super- 
natant obtained by the use of 0.15 per 
cent calcium chloride was 15 on the 
platinum-cobalt scale, with no pink 
whatever remaining. Less than 2 per 
cent of sludge was obtained with these 
coagulations. The sludge had a very 
high percentage of iron still in finely 
divided form; it does not seem impos- 
sible that this material might be re- 
covered for further use. Table VII 
gives analytical data for this waste. 
Several other coagulants were tried 
on this waste, but none was as satis- 
factory as the chloride. Lime alone, 
up to 0.5 per cent, gave good removal 
of solids, but did not remove all the 
color. Magnesium chloride required 
prohibitive doses. Various iron salts 
in high concentrations gave good co- 
agulation, but the supernatants con- 
tained undue amounts of iron. 
Experimental use of calcium chlo- 
ride and carbon dioxide has been con- 
tinued on tannery wastes and laundry 


wastes; both show the possibility of 
effective treatment. The results thus 
far, however, have been on a laboratory 
scale only and it seems advisable to 
defer discussion of treatment of these 
wastes until larger-scale experiments 
can be run. 
Summary 


1. The results obtained in full-scale 
continuous practice using caleium 
chloride in wool waste treatment seem 
to be as satisfactory as those shown in 
preliminary experiments. 

2. The mechanism of the process is 
believed to depend on the formation of 
caleium soaps. It seems to be equally 
effective with soaps, syndets, and mix- 
tures. The amount of calcium chloride 
required in actual practice is generally 
less than was predicted in experimental 
work. This apparently resulted in 
postponement or elimination of the use 
of carbon dioxide, although it is prob- 
able that its use would reduce chemical 
cost. 

3. The step-wise addition of calcium 
chloride seems to offer strong possi- 
bilities of reduced costs. 

4. The process, primarily developed 
for the treatment of wool scouring 
wastes, has shown usefulness with other 
wastes containing soaps or syndets. 
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RAG, 


ROPE, AND JUTE WASTES FROM SPECIALTY 


PAPER MILLS * 
I. Physical and Chemical Characteristics 


By Rupours AND N. L. NEMEROW 
Rutgers University, New Brunswick, N. J. 


The specialty paper mills utilizing 
rag, rope, and jute as stock produce 
wastes in the form of cooking liquors 
and beater wash waters. Practically 
no information is available regarding 
the characteristies and strengths of the 
wastes or the feasibility and methods 
of treatment. Under a grant from the 
National Council for Stream Improve- 
ment (of the Pulp, Paper and Paper- 


board Industries, Inc.) an extensive 
study over a period of several years was 
made concerning the origin of the 


wastes, surveys of mills, determination 
of the quantities, sanitary characteris- 
tics, and organic composition of the 
wastes, followed by load distribution 
of the cooking liquors in relation to the 
beater washings, and chemical, anaero- 
and treatment of the 
wastes. The results obtained are pre- 
sented in condensed form in a series of 
short papers in an effort to indicate 
the possibilities of treatment and the 
difficulties to be expected. 


bie, aerobie 


Rope 

Old ropes are imported mainly from 
shipyards, where they are used as 
‘*fenders’’ for tugboats and as ‘‘hold- 
ing lines’’ for ships. These ropes are 
contaminated with a variety of greases, 
oils, salts, and dirt. After being sorted 
and cut, the most contaminated ropes 
are given a more extensive cooking and 
washing treatment. The first cooking 
is usually with kerosene. This cooking 
waste is very dilute and weak; be- 
cause of its low pollutional load its 
~ * Paper of the Journal Series, New Jersey 
Station. 
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treatment was not studied. 
free ropes are cooked next 
rotary cookers with 10 to 
by weight of caustic soda, soda ash, or 
combinations of the two. Some mills 
also use up to 5 per cent Na,SO, in 
the cookers, as well as more kerosene 
to remove the last traces of grease. 
Live steam at a temperature of about 
260° F. is continually blown through 
the cookers for about 8 hr. The cook 
liquor is drained from the rotary cook- 
ers and discharged to the sewer. This 
waste is highly concentrated and pollu- 
tional. The cooked ropes are then 
transferred to elliptical rotary beater 
washers, in which they are washed and 
beaten in hot and, finally, cold water 
for a total of about 3 hr. The beating 
part of the washing causes 
some suspended fibers to be discharged 
into the overflowing washing waste. 
The washing waste is the greatest vol- 
ume waste from the mill and, therefore, 
contributes a considerable pollutional 
load to the total mill effluent. The 
cooked, beaten, and washed ropes are 
now ready to be formed into paper on 
the paper machine. 


The grease- 
in the same 
20 per cent 


process 


Rag 


In general, the more diversified rag 
stock consists of fibers which had origi- 
nally undergone quite extensive treat- 
ment to make shirts, underwear, table- 
cloths, ete., but most of which had 
since been in contact with extreme con- 
tamination. The dirty ones are con- 
taminated with almost anything im- 
aginable. Even the clean ones are 
varied and consist of cotton, linen, silk, 
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rayon, or wool, and may be dyed any 
color. About 10 per cent by weight of 
caustic soda and some soda ash are 
added to the rag cookers along with 
live steam at 40-lb. pressure (220° to 
250° F.) The rags are cooked for 
about 9 hr., the cook liquor is drained, 
and the cooked rags are washed in a 
manner similar to that outlined for 
ropes. Although the cook liquor is 
more concentrated and objectionable, 
the daily flow of washing waste is the 
greatest single source from the plant. 


Jute 


Jute mills obtain their furnish 
mainly from old burlap bags. Some 
of the bags have previously been filled 
with such materials as flour, tar, coal, 
wood chips, and sugar. In general, 
these bags are not so contaminated as 
the ropes or rags. Jute bags, unlike 
the ropes and rags, are cooked in the 
rotary washers for 3 hr. with about 10 
per cent by weight of lime, and live 
steam at about 180° F. Because lime 
is a weaker alkali than caustic soda or 
soda ash, and because the cooking time 
is not so long, the jute cooking liquor 
waste is the least pollutional of the 
three. 


Physical and Chemical 
Characteristics 


In general, the more intensive the 
cooking process, the darker is the color 
of the waste. Rag cook liquors are col- 
ored from brown to black, rope liquors 
are brown, and the jute cook liquors 
are tan to brown. The beater washing 
wastes have the same general hue, but 
are much more dilute. The cooking 
liquors all have pronounced, disagree- 
able, characteristic odors, but the wash 
waters are almost odorless. All the 
cooking liquors are hot, concentrated, 
and very alkaline, with pH values of 
11 or above. The typical alkalinity 
component values (Table I) show that 
the alkalinity is an important chemi- 
cal characteristic of cooking liquors. 
The rag cook liquor alkalinity is 
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TABLE I.~—-Alkalinity Fractions in Cooking 
Liquors from Rag, Rope, and Jute Mills 
(Expressed as CaCO,) 


Type Total OH “CO; | -HCO 
of Alk. Alk Alk. 
Cook (p.p.m.) (p.p.m.) | (p.p.an.) (p.p.m.) 
Rag | 47,000 | 25,400 | 22,000) 0 
Rope 19,200 8,000 | 11,200 | 0 

Jute 2,600 | 0 1,840 | 760 


about one-half hydroxyl and one-half 
carbonate; the rope liquor, two-fifths 
hydroxyl and three-fifths carbonate; 
and the jute liquor, one-fourth bi- 
carbonate and three-fourths carbonate. 
The quantity of acid required to neu- 
tralize rag cook liquor is 3 times that 
required to neutralize rope cook liquor 
and 38 times that required for jute 
cook liquor. 


Quantities and Pollutional Loads 


Cooking liquor wastes are discharged 
from the paper mills in relatively small 
volumes containing high concentrations 
of solids and 5-day B.O.D. Beater 
wash-water wastes are discharged in 
relatively large volumes containing low 
concentrations of solids and 5-day 
B.O.D. It is also significant that the 
quantity of solids and B.O.D. in the 
wash waters decreases as the washing 
proceeds, 

The cooking liquors range in vol- 
ume from about 1,500 to 4,000 gal. per 
ton of product produced (Table IT) 
and contain from 120 to 356 lb. of 
B.O.D. The beater wash-water volumes 
range from about 20,000 to 80,000 gal. 
per ton of product or about 5 to 53 
times the volumes of cooking liquors 
discharged. They also contribute up to 
3 times the quantity of total solids and 
from 1 to 4 times the quantity of 
B.O.D. as compared to the cooking 
liquors. These results show the im- 
portance of considering wash waters 
as well as cooking liquors in the waste 
treatment plans. The average total 
volumes of both wastes amount to about 
73,000 gal. per ton of product con- 
taining 0.5 to 1.33 tons of total solids 
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TABLE II.—-Average Volumes and Pollutional 


Loads of Cook Liquors and Beater 
Wash Waters per Ton of Paper 


Quantity B.O.D 


Source 
pur’ gal (Ib. ) 


2,100 | 215 
1,460 356 
4,070 44 | 120 


Rope cook 
Rag cook 
Jute cook 


72,000 998 


80,000 35 351 
61,000 i78 196 


Rope wash 
Rag wash 
Jute wash 


74,100 
| 81,460 | 2 707 
65,070 | 316 
10,000 if ‘ 33 


Total rope 1,213 
Total rag 
Total jute 
Paperboard mill 


and about 750 Ib. of 5-day B.O.D. per 
ton of paper manufactured, equivalent 
to about 4,500 people per ton of paper. 
This means that a medium-sized 
specialty mill making 25 tons of paper 
a day will produce about 50,000 lb. of 
total solids and 18,750 lb. of 5-day 
B.O.D. per day, corresponding to the 
waste discharged by about 12,500 
people. The average 5-day B.O.D. in 
the specialty mill liquor and 
beater wash waste is about 22 times 
that contained in paperboard mill 
waste. 


cook 


Sanitary Analyses 


A comparison of some of the im- 
portant sanitary characteristics of 
rope, rag, and jute cook and wash 
wastes (Table IIL) shows that there is 


TABLE Ill. 


Jute 
Characteristic 


Cook 


pH 12 
Alkalinity, as CaCO; (p.p.m.) 2,850 
B.O.D. (p.p.m.) 3,381 
Total solids (p.p.m.) | 7,200 
Total vol. solids (%) 

Dissolved solids (%) 

Total nitrogen (p.p.m.) 
B.O.D.: Total nitrogen 
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a general relationship between the 
alkalinity, B.O.D., and total solids in 
all three cooking liquors. Although 
they all have approximately the same 
pH value, the rag cook liquor has about 
11 times the methyl orange alkalinity 
of the jute cook liquor and about twice 
the rope cook liquor alkalinity. <A total 
solids comparison of the three liquors 
shows approximately the same relation- 
ship between total solids as between al- 
kalinity. This relationship also holds 
for the B.O.D. of the three liquors, ex- 
cept that the rag liquor B.O.D. is about 
2.5 instead of 2 times the rope cook 
liquor B.O.D. 

In general, the relationship of 
11:2:1 represents the inter-relation- 
ships of alkalinity, total solids, and 
5-day B.O.D. of rag, rope, and jute 
cooking liquor wastes, respectively. 
Only the rag cook liquor has sufficient 
nitrogen to support biological life in a 
treatment process. Of the total solids 
in the three cooking liquors, the rope 
and rag liquors are 13 and 11 per cent, 
respectively, higher in dissolved matter 
than the jute cook liquor. Rope and 
jute cook liquor solids are 56 per cent 
volatile, whereas the rag solids are 
somewhat higher in volatile matter. 

A comparison of the three beater 
wash-water wastes shows that the jute 
waste has about twice the alkalinity of 
rope or rag wastes, a considerably 
higher pH value, but the lowest B.O.D., 
indicating the relative ineffectiveness 


Important Sanitary Characteristics of Rag, Rope, and Jute 
Mill Cooking Liquors and Beater Wash-Water Wastes 


Rope 


Cook Cook 


12 
31,655 
29,225 
96,000 
64 
93 
1,270 
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of lime to remove dirt when compared 
with caustic soda or soda ash. The 
lime leaves a portion of the pollutional 
material precipitated in the fibers or 
unattached, whereas the caustic sol- 
ubilizes the impurities, which are easily 
washed out. The jute and rope wash 
waters contain about the same quantity 
of total solids, whereas the rag waste 
contains about twice as much. The 
average percentage of dissolved solids 
in the beater wash wastes (65 per cent) 
is considerably lower than in the cook- 
ing liquors (90 per cent). Only the 
rag beater wash waste contains suf- 
ficient organic nitrogen to support 
adequate biological life in a treatment 
process. The presence of nitrogen-base 
dyes and ammonium salts from the 
human body in the rags probably con- 
tributes the larger part of the nitrogen 
found in the rag wastes. 


Organic Composition of Cooking 
Liquors 


The method of Waksman and Stevens 
(1) was modified (2) and used in the 
proximate analysis of the various or- 
ganic constituents found in the cooking 
liquors. Table IV shows that the bulk 
of the organic solids are soluble in the 
cold-water fraction after extraction 
with petroleum ether. The further 


breakdown of this fraction for reduc- 
ing sugars and proteins showed no 
reducing sugars and only a small per- 
centage of protein matter (Table V). 
A complete breakdown of the cold- 
water soluble 
lignins, 


showed that 
carbonates, volatile 


fraction 
volatile 


RAG, ROPE AND JUTE WASTES. I. 


TABLE V.—Breakdown of Jute, Rope, and Rag Cooking Liquor Solids 
Soluble in Cold Water 
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TABLE IV.—Distribution of Jute, Rope, and 
Rag Cooking Liquor Solids in 
Various Solvents 


Percentage of Original Solids Soluble in 
Waste | Petrol. | Cold Hot | Benet 2% 
Ether | Water Water | Aleohol | HCI 
Jute 11 77.1 | 40 | 11 | 168 
Rope | 3.8 | 92.8 | 2.6 0 0 
Rag 3.3 | 89.4 7.6 0 0 
acids, and complex polysaccharides 


make up the major portion of this 
fraction, and that the total volatile 
matter was completely accounted for 
in the jute and rope cook liquors, but 
not in the rag liquor. The jute cook 
liquor contains about 4 times as great 
a percentage of volatile acids as the 
rag and rope liquors, but expressed on 
a p.p.m. basis, the rag liquor contains 
the highest and jute liquor the lowest. 
The lignin content of the rope liquor is 
about twice that of the rag and jute 
liquors. Because volatile acids are 
readily available (up to a certain con- 
centration) as biological food and 
lignins are not readily decomposable 
by microorganisms, these two sub- 
stances, found in varying amounts in 
all three wastes, might affect results in 
biological treatments. Also, the rag 
cook liquor contains some residual 
grease, which was not extracted by the 
petroleum ether in the first extraction. 
It is probable that the rag cook liquor 
contains highly saponified grease, which 
must be hydrolyzed with acid before 
extraction in order to effect its removal. 


Components of Vol. Matter in Cold Water, as % of Vol. Matter 
Type of Vol. - 
| Cold | | A Protein 
(p.p.m.) COs Grease Lignin | (Total 
| 4 N X6.25) 
Jute | 5,540 68.8 30.0 | oO 21.8 40.9 | 10.9 | 4.5 
Rope | 37,000 | 54.3 25.4 0 39.4 14.8 - : 6.4 
Rag | 85,800 58.4 24.6 7.6 24.3 | 10.4 = 3.8 


¥ . 

« 
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Hydrolyzation of the saponified grease 
was not attempted for fear of chang- 
ing the character of other dissolved 
organic matter. 


Summary 


A study of specialty paper mill proc- 
esses producing jute, rope, and rag 
cooking liquor and wash-water wastes, 
and the physical and chemical char- 
acteristics and quantities of these 
wastes, show that two wastes must be 
considered—namely, the low volume, 
odorous, alkaline, and very pollutional 
cooking liquor and the high volume, 
rather dilute beater wash water. The 
total volume of cooking liquors and 
wash waters discharged averages 73,000 
val., and contains about 750 Ib. of 
B.O.D. and about 2,000 Ib. of total 
solids per ton of paper produced. The 
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pollutional characteristics of the waste 
from a specialty mill are equivalent to 
about 4,500 people per ton of paper. 
An approximate analysis of the organic 
constituents showed that lignins, vol- 
atile acids, complex polysaccharides, 
some greases, proteins, and hemicel- 
luloses comprise the major portion of 
the organie matter in cooking liquors. 
There is a general relationship be- 
tween total alkalinity, B.O.D., and total 
solids in the cooking liquors. The 
wastes, with the exception of rag beater 
wash water, do not contain sufficient 
organic nitrogen to support adequate 
biological life in a treatment process. 
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MAKE YOUR HOTEL RESERVATIONS FOR THE FSIWA 
SILVER ANNIVERSARY MEETING 


The Hotel Statler at New York City will be the headquarters for the 
Federation’s Twenty-Fifth Annual Meeting, to be held in October. An 
outstanding Silver Anniversary program is being planned for the four- 


Requests for room reservations should be addressed directly to the 
the technical program will open on 
Monday morning, October 6, and will close at noon on Thursday, Oc- 
However, the usual inspection trip will this vear be scheduled 
for the afternoon of October 9, after the close of the meeting. 


WRITE NOW FOR YOUR RESERVATIONS! 
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CHEMICAL AND ANTIBIOTIC WASTES TREATMENT 
AT WILLOW ISLAND, WEST VIRGINIA * 


I. Present Chemical Wastes Treatment 


By Joun F. VoGLer 


Sanitary Engineer, Willow Island (W. Va.) Plant, Caleo Chemical Division, 
American Cyanamid Company 


The Willow Island plant of the Caleo 
Chemical Division, American Cyanamid 
Company, is located on the Ohio River 
about 24 river miles upstream from 
Parkersburg, W. Va. This plant com- 
menced operation in 1947 and currently 
employs 430 people in the production 
of such diversified fine chemical prod- 
ucts as melamine (used for melamine- 
urea and melamine-formaldehyde res- 
ins) ; iron blue, chrome yellow, chrome 
green, and molybdate orange pigments ; 
brighteners; folie acid; and pharma- 
ceutical intermediates. Operations are 
under J. W. Dykes, plant manager. 
J. F. Bourland is assistant manager 
and B.S. Blitz is chief plant engineer. 

The plant water supply is obtained 
from two 15-ft. Ranney wells extending 
through the gravels on the river bank 
to radial collectors 25 ft. below normal 
river level. The well water is clear and 
cool, with chemical characteristics more 
constant and favorable than those of 
the river water. The entire plant 
water supply is chlorinated to a system 
residual of 0.1 p.p.m. With the excep- 
tion of boiler feed water treatment and 
base-exchange softening for melamine 
process water, chlorination is the only 
treatment necessary for the water sup- 
ply. The water, however, is quite ag- 
gressive and is distributed in an as- 
bestos-cement pipe underground system 
with cement-lined cast-iron building 
piping. Three 100,000-gal. water tow- 

*A symposium of three papers presented 
at 1951 Annual Meeting, West Virginia Sew- 
ige and Industrial Wastes Assn.; Charleston, 
W. Va.; Oct. 3-4, 1951. 


ers 150 ft. high (one for soft water, 
one for fire water, and one for manu- 
facturing water) float on the distribu- 
tion system. Long-range planning calls 
for ultimate water requirements of 20 
m.g.d.; the basic water and effluent 
systems have been designed accord- 
ingly. The two existing wells yield a 
total of 5.5 mg.d. _ additional 
Ranney well is presently being con- 
structed on an adjacent island in the 
Ohio River and will boost the plant 
water supply to 10.0 m.g.d. 


Existing Treatment Facilities 


The present effluent collection system 
(Figure 1) consists of a sanitary sewer 
system, a manufacturing effluent and 
storm-water system, a 36-in. vitrified 


tile interceptor, and a compositing 
lagoon. Sanitary sewage is collected 
separately and discharged into the in- 
terceptor. The combined manufactur- 
ing effluent and the storm water from 
about 85 acres of developed plant prop- 
erty also discharge into the inter- 
ceptor and flow by gravity 2,000 ft. 
to the treatment unit. 

This unit (Figure 2) consists of an 
earthen basin, roughly rectangular in 
plan, 600 ft. long, 520 ft. wide, and 15 
ft. deep. The surface area is 7.2 acres, 
capacity 27.5 m.g., detention period 8 
days at present flows. The walls have 
a 3 to 1 side slope, a 5-ft. free-board, 
and a minimum thickness of 10 ft. 
Stone riprap is provided above and be- 
low the waterline to prevent wave ero- 
sion. The 36-in. interceptor discharges 
into a wooden inlet flume and deflection 
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FIGURE 1.—Sewer system at Willow Island plant, Calco Chemical Division. 
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FIGURE 2.—Willow Island chemical effluent disposal lagoon. 
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FIGURE 3.—Average results of weekly analyses of Willow Island effluent lagoon 
(Jan., 1950 to Apr., 1951). 


baffle structure, which dissipates the 
incoming velocity head and gives the 
raw effluent a rotary path through the 
lagoon, thus obtaining efficient utiliza- 
tion of its entire volume. The effluent 
passes under a skimming baffle, through 
a wooden outlet flume, and over a 90° 
V-notch weir. The weir is equipped 
with a continuous float-operated water 
level recorder and a sampling device 
whereby a small effluent flow is bled 
continuously into a 55-gal. composite 
sampling drum. After passing over the 
weir, the effluent spills 13 ft. into a 
baffled masonry mixing chamber, falls 
14 ft. down a cascade into Cow Creek, 
and flows 0.5 mi. to the Ohio River, at 
a point 162 river miles below Pitts- 
burgh. Here the Ohio has a drainage 
area of 26,850 sq. mi. and over the last 
10 years has had an annual minimum 
average daily flow of 1,400 m.g.d., an 
annual minimum average monthly flow 
of 4,600 m.g.d., and an annual mean 
flow of 25,000 m.g.d. Even at min- 
imum daily flows a dilution factor of 
more than 400:1 is obtained at this 


point. The location is ideal for the 
plant in that, with good normal control, 
downstream pollution may be avoided. 


Performance 


The raw Willow Island wastes con- 
sist largely of spent mother liquors, 
filtrates, column slops, wash and cool- 
ing waters, sanitary sewage, and storm 
drainage. The principal pollutants are 
organic by-products, acids, alkalies, 
and salts. Flow in 1950 was 3.4 m.g.d., 
but has since been reduced to about 
2.5 m.g.d. as a result of an intensive 
water conservation program. Raw 
wastes (Figure 3) are fairly high in 
color and suspended matter. The 
B.O.D. varies from 46 to 150 p.p.m., 
averaging 80 p.p.m.; pH varies from 
2.5 to 8.0, with an average of 5.9. 
Total and suspended solids are rather 
constant at 1,500 and 200 p.p.m., re- 
spectively. 

The lagoon effluent is pale green in 
color, slightly turbid, with a B.O.D. of 
about 33 p.p.m., a pH of 7.6, and total 
and suspended solids of 1,300 and 100 
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p.p.m., respectively. Laboratory con- 
trol is maintained through complete 
sanitary analyses of weekly 24-hr. com- 
posites of the influent and final effluent, 
and weekly samples of Cow Creek and 
of the Ohio River above and below the 
plant. Monthly bacteriological ex- 
aminations are made of effluent and 
river samples. 

Recommended unit B.O.D. loadings 
for sewage lagoons have been variously 
reported in the literature (1) (2) to 
range from 15 to 65 Ib. per acre-foot 
per day, with 40 lb. per day as a 
rough average. Under such loadings, 
B.O.D. reduction of about 50 per cent 
and low-coliform effluents are obtained. 
The 1950 Willow Island lagoon influent 
load was roughly 2,300 Ib. of B.O.D. 
per day, which is equivalent to 27 lb. 
per acre-foot per day. Under such con- 
ditions average B.O.D. and suspended 
solids reductions of about 50 per cent 
were obtained. This has prevented 
pollution below the plant. 

In fact, the treatment system took 
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whatever wastes the production depart- 
ment dumped into the sewer, and the 
effluent has been undetectable in the 
river by observation or laboratory 
examination of samples. No odor 
troubles have been experienced in the 
lagoon with the chemical and sanitary 
It is the home of frogs, turtles, 
and an occasional snake, and is fre- 
quently visited by flocks of wild ducks, 
especially during the spring and fall 
migrations—truly a waste water man’s 
Shangri-La. 

Then, in 1950, came the decision of 
management: Aureomycin would be 
fermented at Willow Island. This 
created a new and larger problem, the 
nature of which is outlined in the sub- 
sequent paper. 


wastes. 


References 
1. Parker, C. D., ‘‘ Purification of Sewage in 
Lagoons.’’ THis JouRNAL, 22, 6, 760 
(June, 1950 
2. Pearse, L., et al., ‘‘Oxidation Ponds.’ 
Works Jour., 20, 6, 1025 (Nov., 


Sewage 
1948). 


II. Aureomycin Wastes 


By J. M. 


Pearl River (N. Y.) Plant, Lederle Laboratories Division, 


Sanitary Engineer, 


Brown 


American Cyanamid Company 


Lederle Laboratories Division of the 
American Cyanamid Company is 
located in Pearl River, N. Y., and cur- 
rently employs more than 4,000 people 
in producing biologicals, pharmaceu- 
ticals, and antibiotics, and in the 
fermentation of B-12, a growth-pro- 
ducing substance being found valuable 
in the preparation of animal feeds. 
The effluent problems created by the 
transformation of the Lederle plant 
from one producing vaccines and bio- 
logicals into a major antibioties plant 
has been described in the literature 
(1) and need not be repeated in detail 
here. The type of waste suddenly 
changed from one composed of animal 
wastes (blood and liver pulp) into one 


of strong B.O.D., containing many tons 
of organic material in solution for each 
ounce of finished product. The waste 
problem is further complicated by the 
location of the Pearl River plant on the 
watershed of a public water supply 
serving half a million people. The 
stronger industrial wastes, with a small 
amount of domestic sewage, are pre- 
treated by the company, merged with 
the untreated weaker wastes, given a 
final disinfecting dose of chlorine, and 
discharged to the municipal sewage 
treatment plant, where further treat- 
ment is provided before discharge into 
the Hackensack River. 

Aureomycin wastes at Willow Island 
will fall into four groupings, deter- 
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mined by the origin of the wastes. 
These are: 


1. Strong fermentation beers or fil- 
trates of high B.O.D., ranging from 
4,000 to 7,000 p.p.m. Aureomycin, like 
penicillin, is produced by fermentation 
in a medium containing sugars, corn 
steep liquor, and nutrient salts, which 
aid the growth of the organisms. When 
the mycelium is separated from the 
mash, the filtrate is passed through 
layers of Magnesol which absorbs the 
B-12, a growth-producing vitamin. 
The spent filtrate is then discharged to 
the sewer. This is one of the major 
B.0.D. sources. 

2. Washings of the floor and equip- 
ment, ranging in B.O.D. from 600 to 
1,500 p.p.m. and contributing a large 
part of the hydraulic load. 

3. Inorgani¢ solids, including filter 
cake from the cleaning of pre-coat 
vacuum filters. Filter-Cel is built up 
on the wire mat of a vacuum filter to 
act as a pre-coat. When this layer is 
removed, a portion of the filter aid 
(diatomaceous earth) is sewered. 

4. Chemical wastes. These inelude 
acids and alkalies lost by accident, and 
butanol and brine from the refining of 
the drug. Most of the butanol is re- 
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covered for re-use, but a significant 
quantity is sewered as wastage, liquors 
too weak to warrant redistillation, and 
still heels. The magnitude of the 
butanol loading may be more clearly 
illustrated by observing that it exerts 
about 1.5 lb. of B.O.D. per 1.0 Ib. of 
butanol content, that some of the still 
heels contain 50,000 p.p.m. B.O.D., and 
that the total sewered load from this 
source may reach as high as 3,000 Ib. of 
B.0.D. daily. The brine may amount 


to as much as 60 tons per day of salt. 


The Pearl River problem is further 
complicated by barometric condenser 
water, which it is understood has been 
avoided at Willow Island. Successsful 
disposal of barometric condenser water 
required much dilution by the receiv- 
ing stream. These wastes are of very 
high volume and of moderate B.O.D., 
ranging only from 60 to 120 p.p.m. 
The contamination of barometrie con- 
denser water through entrainment or 
volatilization of the evaporating liquids 
is impossible to prevent in plant prac- 
tice. Experience indicates that as high 
as 25 per cent of the B.O.D. of the 
evaporating liquors may be lost to the 
condensate. 

The mixture of all of the aureomycin 
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FIGURE 4.—Lederle Laboratories waste treatment plant flow diagram. 
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wastes at Pearl River, plus the liver 
plant and certain experimental plant 
wastes, gives a total flow of about 0.425 


m.g.d., ranging from 2,500 to 3,000 
p.p.m. B.O.D. Lederle’s treatment sys- 
tem (Figure 4) consists of a storage 
tank, pH equalization, grease flotation 
by aeration, plain aeration for a 4- to 
5-hr. detention period, three 40-ft. 
diameter clarifiers, three 100-ft. diam- 
eter high-rate trickling filters operating 
in parallel, and a secondary clarifier. 

The side-hill location of the filters 
permitted direct placement of the 
screened stone from trucks. Ponding 
on the first two filters was believed to 
be due in part to accumulations of fines 
and diatomaceous earth in the areas 
compacted by the truck wheels. To 
provide a basis of comparison, the 
stone for the third filter was sereened 
on the premises and placed on the bed 
with a belt conveyor. 

Chlorination facilities are provided 
within the treatment system and, in 
addition, all final effluent is given a 
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disinfecting dose of chlorine before be- 
ing released to the municipal plant. 

Sludge from the primary and second- 
ary clarifiers is dewatered on a 6-ft. 
by 6-ft. vacuum filter. The diatomace- 
ous earth in the sludge at times may 
cause the solids in the sludge to reach 
9 to 12 per cent and the ash content to 
climb to 70 per cent. Under these 
conditions, chemical dewatering is not 
needed. Under other conditions, de- 
watering is accomplished with ferric 
chloride and lime. Obviously, because 
of high ash content, such sludge is not 
suitable for disposal by digestion. 

The manufacture of antibiotics is an 
ever-changing process. Effluent treat- 
ment requires unrelenting vigilance to 
keep pace with the manufacturing de- 
partments and offers a continuing chal- 
lenge to the sanitary engineer. 
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III. Design of the Additional Treatment Facilities 


By Guy E. GriIrrin 


Sanitary Engineer, Central Engineering Department, American Cyanamid Company 


When the problem of treating the 
new aureomycin wastes was presented 
to the Central Engineering Depart- 
ment in September, 1950, and assigned 
to this author, the requirements were 
for a temporary means of treating the 
wastes from a limited antibiotic fer- 
menting operation until such time as 
a permanent disposal plant could be 
designed and built for treatment of the 
wastes for the full-scale fermenting 
operation. Effluent quality was spec- 
ified to be, in general, equal to the 
effluent of a primary treatment plant 
for municipal sewage. 

Preliminary work at Willow Island 
and Pearl River was undertaken with 
the result that certain basie data were 
established as a basis of design. The 


5-day B.O.D. of the raw wastes would 
vary from 5,000 to 8,000 Ib. daily. <A 
temporary treatment plant would be 
required to treat about 40 per cent of 
the ultimate load, pending construction 
and operation of the permanent plant. 
The 30-min. chlorine demand of the 
raw wastes would be about 600 p.p.m. 
A 1 to 100 dilution of these wastes with 
the existing chemical plant final ef- 
fluent, described by Vogler in a preced- 
ing paper, would result in a mixed ef- 
fluent of 60 to 75 p.p.m. B.O.D. and 3 
to 6 p.p.m. 30-min. chlorine demand. 
The fermentation wastes, chlorinated to 
a 30-min. chlorine residual of 0.3 
p.p.m., and then diluted 1 to 100 with 
the chemical plant final effluent, would 
have a relative stability of only a few 
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hours. On the other hand, these wastes 
chlorinated after this dilution, would 
have a relative stability of 5 to 10 days. 
At that time the volume of the chemical 
plant effluent was estimated to be 5 
m.g.d. in late 1951, and its 5-day B.O.D. 
load, exclusive of the aureomycin 
wastes, was estimated to be about 900 
lb. daily. 

In addition to these limited but 
specific basic data, there was free ac- 
cess to an accumulation of treatment in- 
formation collected at Pearl River, 
similar information on Ohio River 
characteristics, and the present prob- 
lem at Willow Island. Armed with 
this information, the following pro- 
gram was followed: 


Temporary Treatment 


For the temporary treatment of the 
fermentation wastes, it was decided to 
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provide equalizing storage for the ini- 
tial flow of 63,000 g.p.d., add con- 
tinuously to this storage a high-pH 
disinfecting dose of lime to promote 
stability during storage, to discharge 
from storage at a uniform rate to pro- 
vide equalized dispersion into the final 
chemical plant effluent, and to chlo- 
rinate the final mixture to control the 
development of the B.O.D. (Figure 5). 
It was estimated that the final B.O.D. 
without chlorination would be about 
95 p.p.m. and that with chlorination 
it would be inhibited to the point where 
its effect would be negligible. Sludge 
would be periodically pumped from 
the storage tank and disposed of on 
the premises. 

Accordingly, a 25,000-gal. wooden 
receiving tank was constructed and 
equipped with two 400-g.p.m. automatic 
float and alternator controlled pumps. 
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FIGURE 5.—Schematic diagram of temporary treatment for antibiotic wastes 
at Willow Island. 
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Lime was added to the pump basin 
from a manually controlled conven- 
tional dry feeder. Constant discharge 
was ensured by means of a floating ad- 
justable submerged orifice. A perma- 
nent outfall about 1,500 ft. long was 
laid to serve this and the permanent 
plant. <A 400-lb. chlorinator was pro- 
vided at the final effluent well to en- 
sure adequate final disinfection and 
stabilization of the mixed effluent. To 
serve this isolated machine, we piped 
chlorine gas under pressure across the 
fields for about 1,200 ft. 

This temporary unit was placed in 
operation in July, 1951, and has given 
service. 


Permanent Treatment Plant 


With the completion of the fermenta- 
tion plant, the volume of wastes would 
increase from 63,000 to 160,000 ¢.p.d. 
This, as described in the preceding 
paper by Brown, would consist of 
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fermentation filtrates, slops, wash-up 
water, a small amount of sanitary sew- 
age, and the other wastes sewered by 
the fermentation and filtration units. 
The average rate of flow would be 111 
¢.p.m., but, because fermenters oc- 
easionally ‘‘go wild’’ and must be 
dumped at a more rapid rate than 
normal, it was necessary to design for 
the higher rate of 450 g.p.m., with 600 
e.p.m. as the hydraulic maximum. The 
influent 5-day B.O.D. load would be 
8,000 lb. per day. The solids from 
the diatomaceous earth and wasted 
mycelium would cause 600 cu. ft. per 
day of sludge containing 8 to 10 per 
cent solids. 

The stream pollution laws of West 
Virginia and the Ohio River Water 
Sanitation Compact wisely leave the de- 
tailed requirements for industrial waste 
treatment largely to the discretion of 
the State Water Commission. There- 


fore, the problem was discussed with 


FIGURE 6.—Sequence of permanent treatment steps in disposal of Willow Island 
antibiotic wastes. 
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the Commission’s engineers, and the 
conclusion was reached that the logical 
approach would be to consider the 
problem as being similar to sanitary 
sewage, insofar as solids and B.O.D. 
were concerned. Therefore, the follow- 
ing objectives were adopted for the 
final effluent from the entire plant: 


Settleable solids—negligible 

Suspended solids—not more than 80 
p.p.m. 

5-day B.O.D.—not 
p.p.m. 


more than 100 


Consideration was given to chemical 
versus biological treatment for reduc- 
ing the strong wastes to this lower 
level. Brown’s work at Pearl River 


precluded the use of chemical treat- 
ment as a major treatment method, 
again confirming the story which has 
been repeated over and over again in 
sewage disposal, chemical precipitation 
will aid in removing suspended solids, 
but it has little effect upon colloidal or 


soluble B.O.D. 

Biological treatment of similar 
wastes at Pearl River was proving 
fairly satisfactory. Therefore, this 
method was adopted for Willow Island. 
From the refining end of the anti- 
biotie manufacturing process, certain 
wastes would contain solvents mixed 
with salt, which would be detrimental 
to biological treatment. Therefore, it 
was planned to sewer these directly to 
the lagoon and it was estimated that 
the contaminated brine would contrib- 
ute 900 lb. additional B.O.D. to that 
already in the lagoon effluent, making 
a total of about 1,800 lb. daily. Some 
reduction would undoubtedly take 
place there, but no credit was taken for 
it in design planning. 

The adopted limit of 100 p.p.m. 
B.O.D. in a combined flow of 5.16 m.g.d. 
to the Ohio River would amount to 
4,300 Ib. B.O.D. per day. Subtract- 
ing the 1,800 lb. in the lagoon effluent 
left 2,500 lb. possible in the treatment 
plant effluent. Starting with 8,000 lb. 
per day, this left 5,500 lb. per day to 


CHEMICAL AND ANTIBIOTIC WASTES 


493 


be removed by the treatment plant 
(Figure 6). 


Plant Units 


Experience at Pearl River indicated 
that the treatment plant should have 
the following devices and units (see 
Figure 7) : 


Flow measurement. 

pH control. 

Holding and aeration unit. 

Sedimentation. 

Trickling filters with recirculation. 

Secondary sedimentation. 

Chlorination. 

Return of secondary sludge ahead of 
aeration or primary sedimentation. 

Dewatering of the combined sludge 
by vacuum filtration after condition- 
ing. 

Disposal of sludge by land fill or 
burial. 


Experience with an aeration tank at 
Pearl River had indicated B.O.D. re- 
movals up to 30 per cent of the applied 
load. For the Willow Island plant an 
allowance of 25 per cent removal by 
aeration and sedimentation was adopted 
for design, based on 12-hr. detention 
and air at 1 cu. ft. per gal. of flow. 
Two tanks, each 20-ft. by 21-ft. wide 
by 13 ft. 6 in. water depth, are pro- 
vided. They are to be equipped with 
swing diffusers, to which air will be 
supplied by two blowers. Primary 
sedimentation is provided by two 16-ft. 
diameter tanks, having 5-ft. sidewater 
depth and equipped with sludge col- 
lectors and skimming devices. At aver- 
age flow, the detention period is 2.25 
hr. and the overflow rate is 400 g.p.m. 
per sq. ft. 

Removal of 25 per cent of the in- 
fluent 8,000 lb. of B.O.D. leaves 6,000 
Ib. per day applied to the trickling 
filters and final sedimentation units. 
To meet the effluent B.O.D. require- 
ments, 3,600 Ib. of this 6,000 lb. must 
be removed by the filters and final set- 
tling. After much consideration, sev- 
eral conferences and consultations, a 
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FIGURE 7.—Control details, Willow Island permanent antibiotic wastes plant. 


design loading of 4,300 lb. per acre ft. 
on a 6-ft. deep filter was selected. An 
average flow recireulating ratio of 3 
volumes of filter effluent to 1 of raw 
wastes was adopted. 

On a volume basis, this design load- 
ing is 2.69 lb. B.O.D. per eubie yard 
of stone. The rate of liquid application 
is caleulated to be 2.77 m.g.a.d. To 
meet these requirements, two 80-ft. di- 


ameter filters equipped with rotating 
distributors were designed. 

Unlike the Pearl River filters, which 
have no retaining walls, those at Wil- 
low Island are designed with walls and 
provided with gates in an outlet cham- 
ber so that they may be flooded for 
treatment, or to minimize silt deposits 
in ease of extremely high flood stages of 
the Ohio River. Much thought was 
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given to the filter media. Specifications 
were written for the use of hard stone 
sized for 1%-in. to 314-in., with not 
over 20 per cent less than 2% in., to be 
washed at the plant site and placed on 
the bed by conveyor belt or other 
means. The passage of trucks or bull- 
dozer over the stone in the bed was 
prohibited, based on Pearl River ex- 
perience. It was found that there was 
no nearby source of hard stone and the 
specifications were amended only to al- 
low the use of sereened and washed 
furnace slag, sized from 2 in. to 4 in. 
This media has been quite successful in 
the chemical waste trickling filters at 
Dow Chemical Company’s Midland, 
Mich., plant. 

The secondary sedimentation tanks, 
also equipped with sludge collectors, 
are of the same dimensions as the pri- 
mary tanks. They are provided with 
central launders for recirculation and 
the outlet weir overflow will be equal 
to that of the primary tanks. 

Sludge from the primary and second- 
ary clarifiers will contain, as Brown 
has previously observed, an ash con- 
tent too high for successful digestion. 
Therefore, it will be pumped from the 
clarifiers and dewatered on a 6-ft. by 
6-ft. vacuum filter. Dewatering will 
be aided by pretreatment with ferric 
chloride and lime. Preliminary work 
indicates that these filters may be ef- 
ficiently operated with excess lime at 
high pH values (10.8 to 11.4). If so, 
the cake will be stable and will be dis- 
posed of as land fill. If lower pH 
filtration is necessary, its quick putre- 
faction will require burial by sanitary 
land fill methods. The vacuum filter 
filtrate will be returned to the treat- 
ment plant. 
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The final effluent will flow by gravity 
to the lagoon outlet chamber, mix there 
with the lagoon effluent, flow out to 
Cow Creek and thence to the Ohio 
River, about one-half mile distant. 
Final chlorination facilities will be pro- 
vided to ensure bacterial control and 
downstream stability. 

Additional design features of the 
plant are automatic pH control, auto- 
matic step operation of the filter cir- 
culating pumps to maintain a fairly 
uniform rate of dosage, and flexibility 
to provide for parallel or series opera- 
tion of the trickling filters. A lab- 
oratory fully equipped for sanitary, 
chemical, physical, and biological tests 
is provided for control of the plant. 

It is felt that the plant will fulfill 
its assignment. As with most indus- 
trial waste problems, there is no stand- 
ardized treatment for chemical wastes, 
and the design of such disposal plants 
must be changed from job to job to 
meet the changing operations of in- 
dustry. 


Personnel 


The antibiotic wastes treatment plant 
described herein was designed under 
the direction of W. A. Weber, assistant 
chief plant engineer, Caleo, Bound 
Brook, N. J., who was in charge of the 
engineering for the Willow Island anti- 


biotic project. J. A. McCarthy, di- 
rector, Lawrence Sewage Experiment 
Station, Massachusetts State Depart- 
ment of Health; J. M. Brown, of 
Lederle ; and L. L. Hedgepeth, of Caleo, 
served as advisors on the waste treat- 
ment plant design. The Central Engi- 
neering Department is directed by D. 
H. W. Felch, chief engineer, American 
Cyanamid Company. 
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NUTRITIONAL REQUIREMENTS IN THE BIOLOGICAL 
STABILIZATION OF INDUSTRIAL WASTES 


III. Treatment with Supplementary Nutrients * 


By E. N. Hevmers,t J. D. Frame, A. E. GREENBERG, 


AND C. N. 


The results of previous work (2) 
have shown that the nutritional re- 
quirements for biological stabilization 
of certain industrial wastes can be sup- 
plied by treatment in combination with 
domestic sewage. In many instances, 
however, wastes deficient in nutritional 
elements must be treated without bene- 
fit of mixture with a sufficient amount 
of sewage. Such is frequently the case 
in industrial treatment plants employ- 
ing biological processes. Industrial 
plants usually have sufficient domestic 
sewage to provide biological seed and 
a part of the nitrogen and phosphorus 
requirements, but supplementary nu- 
trients often must be added for satis- 
factory treatment. 

The purpose of this paper is to pro- 
vide a basis for determining the magni- 
tude of nutritional deficiencies in acti- 
vated sludge treatment under such eir- 
cumstances and to establish the proper 
amounts of supplementary nutrient 
material that must be added to achieve 
required treatment efficiencies. The 
experimental method used in these 
studies has been described (1). 


Industrial Wastes 
Three nutritionally deficient in- 
dustrial wastes were used in these 
studies—cotton kiering waste, rope 
pulping waste, and brewery waste. 
They were obtained from the same 
sources as the wastes used in the stud- 


*Contribution from the Sedgwick Me- 


morial Laboratories, Mass. 
Cambridge, Mass. 
t Present address: E. I. du Pont de Ne- 


mours and Co,, Ine., Wilmington, Del. 


Inst. of Tech., 


SAWYER 


ies with domestic sewage (2). Analyses 
of the wastes and of the domestic sew- 
ages used in small quantities as seed 
are given in Table I. 

The cotton kiering waste used in Run 
E had very nearly the same compo- 
sition as that in the corresponding run 
with domestic sewage, Run C. Rope 
waste alone was used in Run H, in- 
stead of the mixture of rag and rope 
pulping wastes used previously in Run 
D. The rope waste of Run H had 
about the same B.O.D. as the Run D 
mixture, but less nitrogen and some- 
what more phosphorus. The Run K 
brewery waste was about one-fourth 
the strength of the Run I brewery 
waste, but the B.O.D. to total nitrogen 
ratios and B.O.D. to total phosphorus 
ratios were about the same in both 
cases, 

To ensure uniformity of the waste 
load, sufficient cotton kiering waste 
and rope waste were obtained to last 
an entire experimental run. The pH of 
these wastes was adjusted from 7.0 to 
7.5 before use. The brewery waste 
was obtained periodically throughout 
the run. 


Experimental Method 


As before, activated sludge experi- 
ments were conducted with a constant 
aeration period of 7 hr. and 1,500 
p.p.m. aeration solids. All sludges 
were acclimated before routine analy- 
sis of samples was started. 

Experimental conditions for the 
three runs are shown in Table II. The 
B.O.D. loadings were about 70 lb. per 
1,000 cu. ft. aeration capacity per day, 
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TABLE I.—Industrial Waste and Domestic Sewage Analyses 


Run E Run H Run K 


Factor 
Cotton Domestic Rope Domestic | Brewery 
Kiering Sewage! Waste Sewage! Waste! 


5-day B.O.D. (p.p.m.) 2,745 ; 14,850 200 521 
Total nitrogen (p.p.m.) 97 . 64 26.0 5.7 
Organic nitrogen (p.p.m.) 85 é 12.0 5.4 
Total phosphorus (p.p.m.) 15.6 5.4 1.85 
Soluble phosphorus (p.p.m.) 3. 
pH 12+ = 
B.0O.D./Tot. N ratio 28 ; 7.7 
B.O.D./Tot. P ratio 176 37 


1 Average values. 


TABLE II.—Experimental Conditions 


| 
Supplementary Nutrients Ratio of Appl. B.O.D. to 


Tube No. Tae. | Was | B.O.D. 


Loading* 
8 2 3 
| Appl. Tot. N| Appl. Tot. P 


(a) Corron Kiertne; Run E 


eosooo coooo 


(b) Rope Waste; Run H 


0 
8 
15 
25 


(c) Brewery Waste; Run K 


0 67.4 
5 67.4 
15 67.4 
25 67.4 


1 Waste plus sewage plus water equals 100 per cent. 

2 Added as (NH,).SO, in Runs E and H, and NH,OH in Run K. 
3 Added as KH2PQ, in all runs. 

‘ Pounds B.O.D. per 1,000 cu. ft. aeration capacity per day. 

5 Each series of four tubes at temperatures of 10°, 20°, and 30° C. 
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Sewage! 
371 
29.3 
13.5 
5.80 
3.80 
13 
1A 10 | 10 35.6 | 26 158 
2 10 35.6 22 158 es 
3 10 35.6 19 158 
4 10 35.6 17 158 ite 
; 1B 20 20 70.0 27 166 a 
2 20 70.0 22 166 
3 20 70.0 18 166 
4 20 70.0 16 166 abee 
1c 30 20 70.0 27 166 be 
; 2 20 70.0 24 166 Aas 
3 20 70.0 21 166 fa 
4 | 20 70.0 19 166 3 
| 
3.5 5 3 66.3 150 152 
2 3.5 5 3 66.3 45 152 a ee 
3 3.5 5 3 66.3 29 152 ae 
4 3.5 5 3 66.3 19 152 ee 
1 95 5 75 76 
2 95 5 44 76 t 
3 95 5 24 76 be 
4 95 5 17 76 
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except in the kiering waste run at 
10° C., where the loads were 36 lb. per 
1,000 cu. ft. The primary variable was 
the amount of supplementary nitrogen, 
supplied in the form of ammonium sul- 
fate. No supplementary nitrogen was 
added to the first tube of each series, 
and increasing amounts were supplied 
to each of the other three tubes. 

On the basis of previous runs, a suffi- 
cient quantity of inorganic phosphorus 
was added to the feed mixtures in the 
rope waste and brewery waste runs to 
supply the requirements of the acti- 
vated sludge. No supplementary phos- 
phorus was added during the kiering 
waste run, because treatment with do- 
mestic sewage had shown that the 
kiering waste was not deficient in avail- 
able phosphorus. 

In Runs E and H, tap water was 
added to the feed mixtures to reduce 
the B.O.D. loading on the treatment 
process. In actual practice, the B.O.D. 
loadings would be reduced by weaker 
waste streams and wash waters. Five 
per cent domestic sewage was incorpo- 
rated in all feed mixtures to represent 
the small sewage load that is often 
treated along with stronger wastes in 
an industrial waste treatment plant. 
This small amount of sewage provided 
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bacterial seed and, possibly, nutritional 
elements that may have been required 
in trace amounts. 

In the treatment of the rope waste 
and brewery waste, difficulty was ex- 
perienced with sludge bulking. _ This 
condition has frequently been observed 
in the treatment of high-carbohydrate 
wastes. Sludge bulking was _ success- 
fully controlled by addition of chlo- 
rine to the feed mixture at each of the 
three daily feedings. This procedure 
would be comparable to the continuous 
chlorination of the influent to the aera- 
tion tanks. During the rope waste run, 
5 p.p.m. chlorine was added to the feed 
mixture, and during the brewery waste 
run 2 p.p.m. chlorine was added. 

During the brewery waste run, a 
duplicate set of four tubes was fed at 
20° C. The feed mixtures were exactly 
the same, but one set was chlorinated 
and the other was not. The results ob- 
tained from these two series indicated 
that the chlorine had little effect on 
the nutritional requirements of the 
sludge, but aided appreciably in con- 
trolling sludge bulking and in improv- 
ing its dewatering characteristics. 
Bulking gradually decreased in the 
unchlorinated tube with maximum ni- 
trogen supplementation, but bulking 


TABLE III.—-Nitrogen Content of Effluents 


Inorganic N (p.p.m.) 


Waste 


Organic N (p.p.m.) 


Cotton kiering 


Brewery 


0.7 
11.7! 


1.6 
13.1! 


‘ Considered as indicating a nitrogen excess. 


* Values considered high due to turbidity of effluent. 


w°c. | 20°C. | we. | 20°C. | 30° C. 
04 | 07 | 0.6 Mol lo 
& ae 05 | 05 06 | 61 | 67 | 88 
eg | 04 | 05 | 08 62 | 73 | 76 ; 
0.4 | 0.7 0.5 7.2 8.4 6.9 
| 
| ; 
ee Rope | 19 | 2.6 16 | 26 | 32 | 36 { 
| 19 | 36 | 39 3.3 
Ra 21 | 21 | 22 | 53 | 61 3.9 
ae 68 | 56 | 5.6 | 4.1 | 5.6 5.5 . 
06 | 03 | O04 | | 
a 04 | 02 0.3 am | 32 | 47 
| 
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TABLE IV.—Phosphorus Content of Effluents 


Soluble P (p.p.m.) 


Total P (p.p.m.) 


20° C. 


2.70 


2.26 


3.30 


Cotton kiering 0.54 0.73 0.75 1.01 lil 1.09 
0.38 0.31 0.49 0.69 0.61 1.04 
0.28 0.27 0.34 0.66 0.43 0.73 
0.34 J 0.22 0.64 


1.59 1.56 1.47 1.97 1.76 2.24 
0.73 0.71 0.82 Ll 1.41 1.09 
0.19 0.42 0.62 0.49 0.73 1.07 


Brewery 4.25 4.12 4.84 J 
2.85 2.41 2.67 3.44 3.62 4.51 
2.12 1.20 1.16 2.34 1.76 2.39 
2.03 0.77 1.33 2.20 1.35 2.33 


was brought under control faster in the 
equivalent tube that was chlorinated. 
The detailed results of the unchlori- 
nated series are not included in this 
paper. 

Results 
Effluent Nitrogen and Phosphorus 


The inorganic nitrogen contents of 
most of the effluents were quite low 
(Table IIT). A nitrogen deficiency was 
indicated in all cases in the cotton kier- 
ing waste run, and only the tubes with 
maximum supplementary nitrogen con- 
tained an excess in the other two runs. 
As in previous work, temperature had 
little effect on the amount of residual 
nitrogen; but nitrification occurred at 
20° and 30° C., whereas very little ni- 
trification was noted at 10° C. Ap- 
preciable organic nitrogen was present 
in all effluents, even though a nitrogen 
deficiency occurred. This observation 
indicates that a considerable portion of 
the influent nitrogen was not available 
for activated sludge growth. 

Table IV shows the phosphorus con- 
tents of the effluents. The soluble phos- 
phorus residuals in the brewery waste 
run indicate a definite excess in all 
eases. Although some of the residuals 
in the other two runs were rather 
low, reasonably constant phosphorus 
contents of the sludges and computed 


phosphorus requirements (Tables VI 
and VII) indicate that appreciable 
phosphorus deficiencies did not exist. 


Nitrogen Requirements 


Nitrogen requirements were com- 
puted using both sludge growth and 
influent-effluent analyses as a basis. A 
fairly good check was obtained between 
the two methods for the cotton kiering 
and rope waste runs, but the agreement 
was not so good in the brewery waste 
run because of sludge carryover in the 
effluent. The results of these caleula- 
tions are shown in Table V, in which 
the maximum nitrogen requirements as 
determined in previous runs with do- 
mestic sewage are included for com- 
parison. 

Theoretically, as the amount of sup- 
plementary nitrogen is increased, the 
nitrogen requirement should increase 
until the maximum requirement is 
reached as indicated by avaible ni- 
trogen in the effluent. An increase in 
nitrogen requirement occurred with 
increasing supplementation in all three 
runs, but the maximum requirement 
was not always reached. As none of 
the effluents in the kiering waste run 
contained excess available nitrogen, the 
maximum requirements were not sup- 
plied at any temperature. Excess ni- 
trogen was present in the rope waste 
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TABLE V.—Nitrogen Requirements 


SEWAGE AND INDUSTRIAL WASTES 


April, 1952 


TABLE VI.—Phosphorus Requirements 


| Nitrogen | 
Waste | Supp. N | Temp. Requirements = 
Te (p.p.m. | Sludge In—-En | ments! ? 
Basis Basis 


(a) Corron Krertna Waste 


10 


or, 


cane 


| 
(c) Brewery Waste‘ 


10 


ao 


nore 
orc 


5.3 


1 Pounds of nitrogen required per 100 Ib. of 
waste B.O.D. stabilized. 

2 Values determined in previous runs; see 
reference (2). 

3 Nitrogen excess, see Table III. 

‘Computed values low because of sludge 
carryover. 


Phosphorus 
Requirements! Max. P 
Require- 
ments! 


Supp. P.| Temp. 
(p.p.m.)} (°C.) 
Sludge 


Ip-Ep 
Basis 


Basis 


(a) Corron Krertnc WasTE 


10 0.30 
0.33 
0.32 
0.33 


0.31 
0.44 
0.44 
0.44 


0.41 
0.50 
0.46 
0.63 


0.44 
0.53 
0.54 
0.54 


0.38 
0.39 
0.42 
0.42 


0.43 
0.44 
0.50 
0.54 


| 
| 


(b) Rope Waste 
10 


>0.15 
0.30 
0.33 
0.498 


| 


20 |>0.29 


or or or 


2.4 


tn oo 


| 
| 


(c) BRewerRY WASTE 


0.53 
0.69 
0.83 
0.92 


0.60 
0.87 
1.00 
1.09° 


0.62 
0.89 
1.21 
1.248 


0.65 
0.71 
1.04 
1.07° 


or or 


0.57 
0.68 
1.20 
1.078 


0.43 
0.51 
0.96 
0.98? 


or or 


1.49 


1 Pounds of phosphorus required per 100 Ib. 
of waste B.O.D. stabilized. 

2 Values determined in previous runs; see 
reference (2). 

3 Nitrogen excess. 


Waste 
| 

10 19 | 20 

oe 10 2.7 3.3 10 0 

10 3.3 3.6 5.6 10 0 | 

a 20 20 | 23 2.5 10 0 0.98 

20 3.2 3.5 

20 3.6 4.3 20 0 20 

20 5.5 5.0 6.2 20 0 

20 0 | 

ieee 20 30 | 23 | 23 20 0 1.20 es 

20 2.5 2.8 

ee 20 3.0 3.5 20 0 30 

ese: 20 3.7 4.2 6.2 20 0 

ae (b) Rope Waste | 20 | 0 | 1.11 

3.5 | 0 | 10 | >0.6 

3.5| 8 1.7 1.7 

3.5) 15 | | 31 | 28 | 3 | 0 
3.5 | 25 | | 433 | 42 | 38 | 0.40 

| 3m | | 0.52 

San ; 3.5 0 20 | >0.9 — | 3 3 | 0.68? | 0.53 

3.5 8 >1.8 |>14 

3.5] 15 2.0 23 | 3. 3 
3.5 | 25 22° | 3.7% | 7.7 | 3. 3 >0.35 |>0.45 
3] 3 0.37 0.44 

3.5 0 | 30] — | | 3 | 0.41° | 0.573 | 0.82 : 
3.5 8 2.0 14 | | 
Pos. 3.5] 15 2.5 2.5 3 | 30 | 0.19 | 0.05 

3.5 | 25 | 28° | 3.63 | 59 | | 3 | 0.35 | 0.19 : 
| 3 | | 0.44% | 0.499} 0.51 
95 o | m| 15 | o9 | | 
95 5 2.3 1.6 2 — 

ae 95 15 3.8 3.0 95 5 10 | 

95 25 4.38 2.68 5.9 95 5 
ee 95 0 | 20] 18 1.0 95 5 | 1.01 
ee 95 5 28 | 2.0 | 
oe 95 15 4.8 3.7 95 20 

95 25 | | 4.6 95 | 
95 

eee 95 ; 30 | 12 | 07 95 1.10 
95 1.6 1.5 
Cae 95 | 4.4 2.7 95 30 | 

95 44 | 30 | 95 

| 
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TABLE VII.—Process Efficiency and Activated Sludge Analyses 


B.O.D. (p.p.m.) Sludge Sludge Analyses 
Temp. in Volume 

(p.p.m./day) Index 
Infl. Eff. (Mohlman) | N(%) P(%) Vn(%) 


(a) Corron Krerinc Waste 


198 139 
218 123 
214 105 
234 84 


542 109 
610 90 
605 72 
790 


560 
534 
551 
615 


(6) Rope Wa 


106 
196 


154 
280 
264 
268 


250 
300 
47 347 
44 348 


BERL 


(c) Brewery Waste 


S688 BEBE 


eS 501 
Supp. N 
| 
10 285 49 4.78 | 0.79 90 Pose 
285 45 5.92 | 0.80 90 ite 
285 39 6.52 | O81 90 . 
285 34 7.30 | 0.77 91 7 
20 560 63 438 | 0.79 88 I. 
560 48 5.41 0.86 88 ty 
560 28 6.39 | 0.84 91 
560 29 7.46 | 0.87 90 ; 
30 560 50 83 4.37 | 0.72 88 ey 
560 49 84 4.86 | 0.77 88 eas 
560 40 89 5.84 0.83 89 or 
560 31 72 6.45 0.74 89 ee 
0 10 530 | >250 83 3.21 | 0.77 
8 530 211 144 5.57 1.03 ae 
15 530 137 290 62 8.46 | 0.94 oe 
25 530 106 410 82 8.97 1.02 ee 
0 20 530 >250 430 2.94 0.94 i 
8 530 130 214 5.06 1.00 ae 
15 530 94 76 7.17 1.25 hogs 
25 530 67 77 7.73 1.43 ye 
0 30 530 1 150 3.72 | 0.62 ake 
8 530 199 6.15 1.05 eh 
15 530 178 7.11 1.18 are 
25 530 130 7.92 1.26 ie 
0 | 10 514 151 267 80 4.17 96 
5 514 94 347 58 5.46 95 ek 
; 15 514 36 403 64 8.97 96 i 
25 514 62 381 64 10.08 97 
0 20 514 33 466 151 3.67 97 eeaee 
5 514 27 586 64 4.58 94 eae 
15 514 14 559 83 8.35 95 rod 
25 514 10 546 69 8.75 95 Bhar 
0 30 514 30 357 225 3.29 97 ere 
5 514 21 347 153 4.52 92 aa | 
15 514 24 466 85 9.07 90 ets 
25 514 23 472 75 8.92 93 oa 
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and brewery waste tubes with maxi- 
mum nitrogen added, but agreement 
with the previously caleulated maxi- 
mum requirements was achieved only 
at 10° C. in the rope waste run and at 
20° C. in the brewery waste run. 
Sludge carryover in the effluents is 
the probable reason calculated require- 
ments did not equal the maximum re- 
quirements in the other tubes with 
maximum supplementation. 


Phosphorus Requirements 


Phosphorus requirements are shown 
in Table VI. Values calculated by the 
two methods are in good agreement. 
Although an excess of phosphorus was 
believed to have been present in all 
cases, phosphorus requirements were 
less than the maximum requirements 
determined in previous runs except 
when there was an excess of available 
nitrogen. 
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In the rope waste and brewery waste 
runs, maximum phosphorus require- 
ments were attained in most cases when 
there was a nitrogen excess. Because 
a nitrogen excess was not supplied in 
the kiering waste run, the maximum 
phosphorus requirements were not 
reached. A phosphorus deficiency 
probably would have occurred in the 
kiering waste run if an excess of ni- 
trogen had been supplied. 


Process Efficiency and Sludge Analyses 


The effects of adding supplementary 
nitrogen are best shown by the data in 
Table VII. The most marked effect is 
the pronounced increase in nitrogen 
content of the activated sludge. In the 
rope waste run, the sludge nitrogen 
content increased from about 3 per 
cent with no supplementation to 8 per 
cent with maximum supplementation. 
A similar increase occurred in the 
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FIGURE 1.—Effect of available nitrogen on rate of B.O.D. removal at 10° C. 
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AERATION TIME-IN HOURS 
FIGURE 2.—Effect of available nitrogen on rate of B.O.D. removal at 20° C. 


other two runs. On the other hand, 
the variation in sludge phosphorus con- 
tent was small because of the excess 
supplied. The volatile matter was high 
in all cases with the highest values oc- 
curring in sludges developed on brew- 
ery waste. 

The addition of supplementary nitro- 
gen also resulted in better settling 
sludges as indicated by lower sludge 
volume indices. Another observation of 
some importance was that the sludges 
were much easier to dewater by filtra- 
tion as the amount of supplementary 
nitrogen was increased. The time re- 
quired to filter sludges produced in the 
brewery waste run was reduced by 
more than one-half by the addition of 
nitrogen. This effect of supplementa- 
tion would be of importance in a plant 
employing vacuum filtration in the 
treatment of excess sludge. 


Rates of sludge growth were also af- 
fected by nitrogen addition. As nitro- 
gen supplementation was increased, the 
rate of sludge growth also increased 
until an excess of nitrogen was sup- 
plied. This effect was noted in pre- 
vious work (2) when these wastes wer~ 
treated in combination with domestic 
sewage. 

Nitrogen supplementation also re- 
sulted in a greater reduction in 5-day 
B.0.D.; as indicated by the effluent 
B.O.D. values in Table VII. The effect 
of nitrogen on rate of B.O.D. removal 
is best shown by the effluent B.O.D. vs. 
aeration-time curves (Figures 1, 2, and 
3). For example, Figure 3 indicates 
that in the stabilization of rope waste 
at 30° C., the B.O.D. was reduced to 
150 p.p.m. after 1.5 hr. aeration with 
maximum nitrogen supplementation, 
whereas 7 hr. were required to reduce 
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FIGURE 3.—Effect of available nitrogen on rate of B.O.D. removal at 30° C. 


the B.O.D. to this same value when no 


supplementary nitrogen was added. 
Figures 1 and 2 show similar relation- 
ships for the other two wastes studied. 


Availability of Organic Nitrogen 


Because of sludge carry-over in the 
effluent, calculations of the availability 
of organic nitrogen were not very satis- 
factory for rope and brewery waste. 
However, the calculated availabilities 
for kiering waste checked quite well 
with the previously calculated values 
from data obtained when cotton kiering 
waste was treated in mixture with do- 
mestic sewage. The percentages of the 
organic nitrogen utilized from the kier- 
ing waste at 10°, 20°, and 30° C. in 
the studies just reported were 27, 57, 
and 54 per cent, respectively, as com- 
pared with 21, 45, and 70 per cent when 
treated in combination with domestic 
sewage (2). 


Discussion 


Critical Nitrogen Requirements 


An interesting feature of Figures 
1, 2, and 3 is that they indicate that 
after some critical amount of nitrogen 
supplementation has been reached, fur- 
ther increase in nitrogen supply does 
not improve the rate of B.O.D. re- 
moval appreciably. For example, Fig- 
ure 2 shows that the rate of B.O.D. 
removal was increased by increasing 
the nitrogen supplementation from 0 
to 10 p.p.m., but increasing supple- 
mentation from 10 p.p.m. to 15 p.p.m. 
resulted in very little additional im- 
provement. This same effect was ob- 
served at all temperatures for all three 
wastes. Consequently, on the basis of 
B.O.D. removal, little is to be gained 
by adding supplementary nitrogen in 
excess of some critical amount. 
Critical nitrogen requirements based 
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TABLE VIII.—Critical Nitrogen Requirements, Based on Rate of B.O.D. Reduction 


Supp. N 


Waste (p.p.m.) 


Temp. 
(°C.) 


Phosphorus 


Critical Nitrogen 
Requirement! 


N/Vm (%) Requirement? 


Cotton kiering 10 4 


Rope 10 15 
Brewery 10 10 


Cotton kiering 
Rope 
Brewery 


Cotton kiering 
Rope 
Brewery 


0.44 3.3 
0.52 3.0 
1.00 3.4 


0.54 
0.44 
1.04 


0.50 
0.45 
‘0.51 


? Pounds of phosphorus per 100 lb. B.O.D. removed. 
? Pounds of nitrogen per 100 lb. B.O.D. removed. 


on rates of B.O.D. removal as deter- 
mined from Figures 1, 2, and 3 and 
similar curves are shown in Table VITI. 
The values given are not precise be- 
cause of the limited number of nitro- 
gen supplementation increments used 
in the experimental work, but the 
agreement between critical nitrogen re- 
quirements for the three different 
wastes is fairly good. The average 
critical nitrogen requirements based on 
B.O.D. were 3, 4, and 3 lb. nitrogen per 
100 lb. B.O.D. removed at 10°, 20° and 
30° C., respectively. These values com- 
pare with previously determined (2) 
maximum nitrogen requirements of 5, 
6, and 6 lb. per 100 Ib. B.O.D. removed, 
indicating that maximum requirements 
do not have to be supplied to produce 
maximum rates of B.O.D. removal. 


Interpretations Based on Nitrogen Con- 
tent of Sludge 


The nitrogen content of the activated 
sludge would appear to be a reasonable 
indication of whether or not an acti- 
vated sludge plant is being operated 
with a sufficiency of available nitrogen. 
The B.O.D. studies indicated that the 
rate of B.O.D. reduction did not de- 
crease appreciably until the nitrogen 
content of the volatile matter (N/Vm) 
fell below 7 per cent; therefore, this 
value would appear to be a useful cri- 
terion for diagnosis. If difficulties are 
believed to be caused by a deficiency 


of nitrogen, a fast method for deter- 
mining whether or not this hypothesis 
is correct would be to determine the 
nitrogen and volatile matter content of 
the sludge. 

A sludge analysis should prove to be 
a better diagnostic tool and criterion 
for operational control than an analy- 
sis of the effluent for inorganic nitro- 
gen. An effluent devoid of inorganic 
nitrogen indicates a nitrogen deficiency, 
but does not measure the magnitude of 
that deficiency. These studies have in- 
dicated that maximum nitrogen re- 
quirements need not be supplied for 
satisfactory operation. Operation at a 
slight deficiency could not be controlled 
by effluent analyses, but control could 
be attained using sludge analyses. 


Phosphorus Requirements 


The nitrogen requirement has been 
emphasized in this discussion, because 
nitrogen supplementation was the prin- 
cipal variable in the experimental work 
and phosphorus was provided in excess 
of sludge requirements. The phos- 
phorus requirement appears to depend 
somewhat on the magnitude of the ni- 
trogen deficiency because of the effect 
of a nitrogen deficiency on sludge 
growth. The phosphorus requirements 
corresponding to critical nitrogen re- 
quirements are shown in Table VIII. 
Average phosphorus requirements un- 
der these conditions were 0.6, 0.7, and 
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0.5 lb. per 100 lb. B.O.D. stabilized at 
10°, 20°, and 30°C., respectively. 
These values are considerably lower 
than previously determined maximum 
phosphorus requirements of 0.8, 1.0, 
and 1.0 lb. per 100 lb. B.O.D. stabilized 
(2). 


Sludge Growth 


The rates of sludge growth shown in 
Table VII are somewhat less than 
would have been expected on the basis 
of Figures 1, 2, and 3 of the second 
paper of this series (2). Sludge growth 
increased with available nitrogen; how- 
ever, in the kiering waste and brewery 
waste runs, the growths in those tubes 
with maximum supplementary nitro- 
gen were approximately the same as 
would have been expected from the re- 
lationships given in the preceding pa- 
per. The rates of sludge growth in the 
rope waste run were lower in all cases, 
especially at 20° and 30°C. This ef- 
fect is also reflected in low nitrogen 
requirements. A possible reason for 
this anomaly may reside in the fact 
that a considerable amount of chlorine 
was required to control sludge bulking. 
It is conceivable that the chlorine may 
have shifted the assimilative-oxidative 
relationship toward increased oxida- 
tion. 


Summary 


Laboratory experiments were carried 
out using activated sludge to study the 
treatment of certain industrial wastes 
deficient in nutritional elements with- 
out benefit of mixture with large 
amounts of domestic sewage. Condi- 
tions of treatment were designed to be 
comparable to conditions that might 
exist in an industrial treatment plant. 
Supplementary nutrients were added 
in varying amounts in the form of in- 
organic salts of nitrogen and _ phos- 
phorus. 

The three industrial wastes studied 
were cotton kiering waste, rope pulping 
waste, and brewery waste. All experi- 
ments were conducted with three feed- 
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ings a day followed by 7-hr. aeration 
periods and with aeration solids con- 
centrations of 1,500 p.p.m. Tempera- 
tures were controlled at 10°, 20°, and 
30° C. Chlorine was added in some in- 
stances to control sludge bulking. 

The effect of different amounts of 
supplementation on rate of B.O.D. re- 
moval and other treatment process 
variables was studied. Critical nitro- 
gen requirements were computed and 
compared with maximum requirements 
determined in previous work, and a 
simple diagnostic method for determin- 
ing the magnitude of a nutritional de- 
ficiency was developed. 


Conclusions 


The following conclusions are based 
on activated sludge treatment of nu- 
tritionally deficient industrial wastes 
with the addition of supplementary ni- 
trogen and phosphorus using a 7-hr. 
aeration period and 1,500 p.p.m. of 
acclimated sludge solids: 


1. Industrial wastes of the nature of 
those studied can be treated success- 
fully in mixture with as little as 5 per 
cent sanitary sewage and with B.O.D. 
loadings as high as 70 lb. per 1,000 eu. 
ft. aeration capacity per day if nitro- 
gen and phosphorus requirements are 
supplied by supplementation. 

2. Maximum nutritional require- 
ments need not be supplied in order to 
achieve satisfactory treatment. 

3. Critical nitrogen requirements on 
the basis of B.O.D. removal are esti- 
mated to be 3, 4, and 3 lb. per 100 lb. 
of 5-day B.O.D. removed (or, ex- 
pressed as the ratio of B.O.D. removed 
to nitrogen utilized, 33, 25, and 33) at 
10°, 20°, and 30° C., respectively. 

4. Phosphorus requirements under 
similar conditions were 0.6, 0.7, and 
0.5 lb. per 100 Ib. of 5-day B.O.D. re- 
moved (or, expressed as the ratio of 
B.O.D. removed to phosphorus utilized, 
167, 148, and 200) at 10°, 20°, and 
30°C. 

5. A 


critical nitrogen deficiency 
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tends to decrease the rate of B.O.D. 
removal, impair the settling and de- 
watering characteristics of the sludge, 
and decrease the rate of sludge growth. 

6. The per cent nitrogen content of 
dried activated sludge based on vola- 
tile matter is a good index of nitrogen 
deficiency. A value of less than 7 per 
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cent is indicative of a critical defi- 
ciency. 


Acknowledgment 


The investigation reported herein 
was supported by a research grant 
from the National Institutes of Health, 
U. S. Public Health Service. 


References 


1. Helmers, E. N., Anderson, E. J., Kilgore, 
H. D., Weinberger, L. W., and Sawyer, 
C. N., ‘Nutritional Requirements in 
the Biological Stabilization of In- 
dustrial Wastes. I. Experimental 
Method.’’ THis JouRNAL, 22, 9, 1200 
(Sept., 1950). 


2. Helmers, E. N., Frame, J. D., Greenberg, 
A. E., and Sawyer, C. N., ‘‘ Nutritional 
Requirements in the Biological Stabili- 
zation of Industrial Wastes. II. Treat- 
ment with Domestic Sewage.’’ THIS 
JOURNAL, 23, 7, 884 (July, 1951). 


STUDY TO EVALUATE PLASTIC PIPE FOR WATER USE 


Anticipating increased use of plastic 
pipe in water supply systems—likely 
to be hastened by metal shortages— 
manufacturers of extruded plastic 
products and their raw material sup- 
pliers, acting jointly with the National 
Sanitation Foundation, headquartered 
at the University of Michigan in Ann 
Arbor, recently started on research ex- 
pected to produce authoritative proof 
that such pipe is not toxic and has the 
chemical stability necessary for water 
supply adaptations. 

The studies, which will also evaluate 
the various types and classes of plastic 
for the making of water pipe, are ex- 
pected to extend over at least two 
years. Walter D. Tiedeman, head of 
the Foundation’s testing laboratories, 
will be in charge. He will work closely 


with an advisory committee composed 
of sanitarians and public health officers 
from various parts of the country and 
an equal number of representatives of 
the plastics industry. 

Initial tests are being made on 26 
samples of pipe made of polystyrene, 
polyethylene, cellulosic materials, and 
copolymers of polyvinyl chloride. Part 
of the research contemplates the feed- 
ing of granulated samples to rats and 
restriction of their water supply to that 
circulated through the special pipes. 
Answers will be sought to two main 
questions: (a) Do any types of tap 
water become polluted by contact with 
specific types of plastic; and (b) If 
there is erosion in plastic pipe, will 
continued ingestion of the eroded 
plastic cause pathological changes? 
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Stream Pollution 


PULP MILL LOCATION STUDY IN REGARD TO 
WATER POLLUTION 


By Ropert O. SYLVESTER * 


Survey Supervisor, Washington State Pollution Control Commission, Olympia, Wash. 


One of the nation’s major pulp pro- 
ducers has been considering the erec- 
tion of a large kraft-type pulp mill on 
the Willapa River estuary in southwest 
Washington. Realizing the pollutional 
potentialities of a kraft-type pulp mill, 
and the fact that Willapa Bay is per- 
haps the best oyster producing area 
on the West Coast, the company re- 
quested the cooperation of the Pollu- 
tion Control Commission in determin- 
ing which of the two prospective mill 
sites under consideration would be most 
desirable from a waste disposal stand- 
point; if neither, what other site on 
the estuary would be more acceptable ; 
and what water quality conditions were 
then prevalent in the estuarial waters. 

Critical water quality conditions oc- 
cur in the latter part of the summer, 
due to low river flows and high water 
temperature. This is the period when 
salmon migrations normally occur and 
this, together with the possible effect of 
toxic components of the waste on shell- 
fish, made it imperative that the waste 
be discharged at a location providing 
the greatest quantity of water for dilu- 
tion. 

The survey and study of the Willapa 
River estuary described herein was 
made by the survey group of the Pollu- 
tion Control Commission under the di- 
rection of Edward F. Eldridge, diree- 
tor and chief engineer. The period 

* Assistant Professor of Civil Engineering, 
University of Washington, Seattle, Wash., 
employed by the Commission to supervise sum- 
mer surveys. 
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selected was July 6 to August 14, 1950, 
as this was a period of low steady 
stream flows with little precipitation. 
Several subsequent samples were taken 
in the dry period following August 14 
to note any significant change in previ- 
ous conditions. No significant changes 
were noted. 


Scope of Study and Survey 


The scope of the present study and 
survey was established as follows: 


1. To determine the feasibility of 
discharging the wastes from a kraft- 
type pulp mill into the Willapa River 
estuary. (The proposed mill would 
have all modern and improved types 
of recovery equipment, including equip- 
ment to rid the waste water of most of 
its toxie properties. ) 

2. To determine the most suitable 
point of discharge for these wastes in 
the estuary. 

3. To find the existing quality of the 
estuarial waters as affected by raw sew- 
age discharge from two cities and by 
decomposing wood wastes from several 
saw mills. 

4. To determine the dilution avail- 
able due to river flow and tidal prism 
in various sections of the estuary and 
predict the maximum concentration of 
toxie materials in these several sections. 

5. To find the existing bacteriological 
condition of the estuary and oyster 
beds at the mouth of the estuary in 
Willapa Bay (not included in this 
paper). 
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Description of Area 


The Willapa River is located in 
southwest Washington and has a drain- 
age area of some 130 sq. mi. It dis- 
charges into the upper end of Willapa 
Bay, a large bay having a narrow 
entrance into the Pacific Ocean op- 
posite the river mouth (see Figure 1). 
River discharge measurements (made 
only since 1947) indicate a mean an- 
nual flow of 613 ¢.f.s., a minimum flow 
of 24 ¢«f.s., and a maximum flow of 
10,000 ¢.f.s. The length of the estuary, 
or tidal effect from the river mouth, 
is approximately 15 river miles at high 
water, or 23 miles at low water. 

The two cities located on the estuary 
discharge their untreated wastes into 
the estuarial waters. These cities are 
South Bend and Raymond, having 1950 
populations of 1,855 and 4,041 and 
estimated sewered populations of 1,000 
and 3,300, respectively. Several saw 
mills have log storage areas in the 
vicinity. 

Wood products and fishing are the 
primary industries of the area, with 
wood products producing the major 
economic return. Shellfish growing 
and harvesting constitute the principal 
source of livelihood in the fishing in- 
dustry. In 1949 a total of 22,103,782 
lb. of fish and shellfish were landed in 
the Willapa Bay district. Of this total, 
17,400,000 lb. were oysters having a 
wholesale value of $1,600,000. The 
Willapa River supports game fish and 
commercial salmon; a state salmon 
hatchery is located on the upper river. 
An annual retail value of $330,000 is 
placed on the salmon fishery by the 
State Department of Fisheries. 

Willapa Bay is shallow and has large 
areas of mud flats and oyster beds ex- 
posed at low tide. The Willapa River 
estuary is navigable for ocean-going 
ships to Raymond, 7 mi. above the 
high-water mouth, and is navigable for 
smaller vessels to the limit of tidal 
effect. The river bottom and banks 
are of a clay-like brown mud; the mean 
annual tidal range is 7.8 ft. The prin- 
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cipal tributary is the South Fork, which 
enters at Raymond. 


Procedure 


It was assumed that the Willapa River 
estuarial effects would persist out into 
Willapa Bay until buoy No. 2 (opposite 
Tokeland) was reached (see Figure 1). 
The survey and study was carried on 
along 30.1 bay-river miles, from the 
mouth of Willapa Bay to 3 mi. above 
tidal water effects in the Willapa River. 
Seven shore sampling stations were 
established, as shown in Figure 1. 
(Other river sites from which samples 
were taken were not accessible from 
shore.) The majority of the data was 
obtained from the Commission’s motor 
launch, which was capable of navigat- 
ing all portions of the survey area af- 
fected by tidal action. 

Determinations at various depths in 
Willapa Bay and the estuary were 
made for dissolved oxygen, chlorides, 
temperature, coliform bacteria, pH, 
and current movement. Chlorides were 
determined by the Mohr method and 
are reported as parts per million of the 
chloride ion (Cl). These serve to 
indicate the proportions of sea and 
river water in the area sampled. Cur- 
rent movement was determined by float 
measurements using finned-bottle floats 
set at various depths, by using a cur- 
rent meter, and by calculation using 
cross-section area and volume relation- 
ships previously computed. A total of 
641 separate determinations were made 
during the survey period, of which 217 
were for chloride and 82 for dissolved 
oxygen. Also, 126 current meter read- 
ings and 12 separate float studies were 
made. Area, depth, and cross-section 
values in the bay and estuary were 
obtained from U.S.C. & G.S. chart No. 
6,185, Corps of Engineers’ maps show- 
ing the latest data on dredged channels 
in the Willapa River and Bay, and the 
State Highway Department map of 
Pacific County, Wash. 
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Results 
River Flows 


Figure 2 shows the hydrograph of 
the Willapa River during the period of 
record and the flow during the survey 
period, which averaged about 50 c.f.s. 
The critical water quality period of low 
summer flows is clearly shown. 


Estuary Volumes 


It was necessary to determine estuary 
volumes between certain arbitrary river 
stations so that dilution effects, tidal 
oscillation, detention periods, ete., could 


PULP MILL LOCATION STUDY 


511 


be computed. These were determined 
by planimetering plotted cross-sections 
and estuary surface areas for 1,000-ft. 
estuary segments. One-half of the tidal 
prism (for an average tidal range of 
7.8 ft.) was added to the estuary vol- 
ume below mean lower low water to ob- 
tain the average estuary volumes. Fig- 
ure 3 graphically represents the estuary 
volume differences progressing up- 
stream and shows that water quantities 
available for waste dilution do not 
materially increase until a point about 
2 mi. downstream from South Bend is 
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FIGURE 2.—Hydrographs for Willapa River. 
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reached. Calculations showed that the 
tidal prism constituted 54 per cent of 
the total estuary volume above buoy 
No. 2 and 36 per cent above Johnson 
Slough. 
Velocities 

Figure 4 shows the average velocities 
obtained along the estuary. Because 
the channel is reasonably uniform in 
dimensions throughout its length, veloe- 
ities at the downstream end were nat- 
urally larger than those upstream. 
Velocity distribution with depth was 
similar to a deep flowing river. There 
was no noticeable average velocity dif- 
ference in the estuary between a flood- 
ing and an ebbing tide, because of low 
flows in the Willapa River entering the 


15 
MILES 


FIGURE 3.—Willapa River estuary volumes. 


upper end of the estuary. In other 
words, the estuary current was up- 
stream on a flooding tide and down- 
stream on an ebbing tide, a condition 
which would not necessarily prevail 
at high river inflows. 

Computed velocities by cross-section 
area and tidal prism relationships were 
generally lower than those measured in 
the field by floats or by current meter. 
The period of slack water at high and 
low tide was exceedingly short. The 
water velocity would reverse in direc- 
tion within a very few minutes. 

Figure 4 shows an average velocity 
at South Bend of 0.75 m.p.h. during a 
normal tidal half-cyecle of 6.2 hr. Thus, 
if waste were discharged into the estu- 
ary at South Bend on the beginning of 
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FIGURE 4.—Average estuary velocity. 


the flood or ebb tide, it would be 
carried 6.2 (0.75) = 4.6 mi. upstream 
or 4.6 mi. downstream, respectively. 


Temperature and pH 


Temperature and pH measurements 
showed no appreciable change with 
depth, indicating good mixing in the 
estuary. The soft, colored Willapa 
River water had an average pH of 6.8 
and a temperature of 20.5° C., whereas 
the Pacific Ocean water at the Willapa 


22 


Bay entrance had a temperature of 
14.5° C. and a pH averaging slightly 
greater than 8.2. Figure 5 very clearly 
shows the mixing of river and sea water 
progressing down the estuary, with the 
cold sea water cooling off the warm 
estuary water below South Bend, where 
the proportion of sea water is high. 
(Above South Bend, the heat from the 
sun balanced the sea waters’ cooling 
effect.) A uniform rise in pH down- 
stream is shown. 
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FIGURE 5.—Average temperature and pH values. 
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Chlorides 


Chloride samples were collected under 
all tidal conditions up and down the 
estuary, there being no appreciable 
change in value in any one section with 
water depth. This uniform condition 
was experienced with low stream flows ; 
however, during high stream flows in 
the Willapa River, it is possible that 
the fresh water will run out to sea over 
the top of the denser sea water. Figure 
6 shows the average chloride values and 
illustrates the intrusion of sea water 
into the estuary and the relative pro- 
portions of fresh water and salt water 
present at any location; that is, the 
potential amount of dilution afforded. 


Dissolved Oxygen 


The Willapa River enters the upper 
end of the estuary saturated with dis- 
solved oxygen and leaves the estuary 
nearly saturated, as shown in Figure 7. 
There was no appreciable difference in 
dissolved oxygen with depth. The max- 


imum oxygen sag takes place in the 
vicinity of Raymond, the present source 


of the greatest pollution. The low aver- 
age dissolved oxygen content obtained 
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near Raymond was surprising (about 
5.5 p.p.m.), as rough calculations in- 
dicated that raw sewage discharge from 
Raymond would produce less than half 
this depletion. The excessive oxygen 
depletion was attributed to decompos- 
ing wood and wood wastes, which are 
in abundance on the estuary bottom, 
shores, and floating in the water. 

If a minimum dissolved oxygen 
standard of 5 p.p.m. is used, then it is 
apparent that no residual dissolved 
oxygen would be available in the vicin- 
ity of Raymond to provide for the 
oxidation of pulp mill wastes. 


Theoretical Detention Times in 
Estuary 


In long tidal estuaries the amount of 
net water movement seaward is deter- 
mined by the volume of river flow into 
the upper end of the estuary. If river 
water was not entering the upper end 
of the estuary, there would, of course, 
be no residual or net water movement 
seaward. 

A considerable amount of Willapa 
Bay water that is discharged into the 
Pacifie Ocean on an ebbing tide is re- 
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turned on a flooding tide, as evidenced 
by the normal chloride content of 
16,000 p.p.m. near the mouth of the 
bay. Pacific Ocean water in this area 
has a normal chloride content of around 
17,500 p.p.m., as reported by Erickson 
and Townsend (3). Current tables in- 
dicate no continuous pronounced ocean 
current past the bay entrance that 
would carry away all waters discharged 
on an ebb tide. 

In ascertaining the desirability of 
discharging wastes from a pulp mill at 
some point on the estuary, it was neces- 
sary to know what dilution would be 
provided the wastes at that point and 
how long that waste-laden estuary 
water would oscillate back and forth 
with the tidal cycles before finally be- 
ing discharged into large volumes of 
diluting water in Willapa Bay beyond 
buoy No. 2. Figure 8 is a plot of 
Table I, which lists the successive steps 
in computing the theoretical time of 
detention in the estuary. 

The time of detention was computed 


FIGURE 7.—Dissolved oxygen sag. 


by taking, arbitrarily, segments of the 
estuary each about 2 mi. long. The 
average chloride content of each seg- 
ment was multiplied by its volume and 
the resulting product was added to the 
summation of the downstream products 
of chloride and volume. This summa- 
tion was divided by the total down- 
stream volume, with the quotient rep- 
resenting the average chloride content 
of the entire estuary below a given loca- 
tion. Using a normal chloride content 
of 16,000 p.p.m. in the sea water and 20 
p-p.m. in the fresh river water, the 
volume of fresh water present in the 
section under consideration is computed 
by proportion, as shown in the sample 
calculations (footnote, Table I). Dur- 
ing the period of survey, the Willapa 
River had an average flow of about 50 
e.f.s. All other sources of fresh water 
added to the estuary, such as the South 
Fork of the Willapa, sewage, ground 
water, etc., were estimated as 25 c.f.s. 
and, for practicability, were all con- 
sidered to be tributary to the estuary at 
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FIGURE 8.—Computed time of detention in estuary from point of release to buoy No. 2. 


TABLE I.—Computation of Waste Detention Time in Willapa River Estuary ' 


, Fresh 
Volume | Av. Cl Volume 
Estuary ites Segment | Co}, 2 | Down- | Values Fresh 
Segments ig ge XCol. 3 stream | Down- | adgeq | Water | ‘Dail 
(mi.) ( : ) (X104) (cu. ft. | stream (c.f.s.) (cu. ft. int 
| (p.p.m.) X108) 108) 


Col. 2 ‘ol. § Col. 4 ‘ol. Col. 6 Col. 7 Col. 8 Col. 9 | Col. 10 


15,300 | 172.6 | 2.64 172.6 | 15,300] 75 
14,800 2 | 1.85 49 | 2978 | 15,000] 75 
13.300 | 51.6 |0.713 | 5.203 | 349.5 | 14,900] 75 
12'700 | 0.312 374.0 | 14,800] 75 
0.181 | 5.696 | 389.7 | 14,600| 75 
13.1-15.0 5.6 | 0.162 | 5.858 | 405.3 | 14.400] 75 | 413.0 | 651 
15.0-16.9| 95 3.7 |0.130 | 5.988 | 419.0 |14300| 75 | 437.0 | 651 
16.9-19.0| 9.075 | 0.1075 | 6.096 | 430.8 | 14,100] 50 | 5060 | 4.32 
50 
50 
50 


81.6 | 6.51 
187.5 | 6.51 
243.5 | 6.51 
282.0 | 6.51 
350.0 | 6.51 


19,0-20.8 Ait 3. 0.0527 | 6.149 | 437.0 | 14,050 530.0 4.32 

20.8-22.8 | 3,é . 0.0142 | 6.163 | 441.0 | 14,000 544.0 4.32 

22.8-24.9 20 5 | 0.0000 | 6.163 | 442.5 | 13,900 588.0 | 4.32 
| 


! Willapa River average flow July 6 to August 14, 1950 = 50.13 c.f.s. Other fresh water sources 
to estuary above mile 16.8 taken as 25 c.f.s. Sea water and fresh water chlorides taken as 16,000 
and 20 p.p.m. at mile 3.6 and 24.9, respectively. 

? Sample calculation: Let volume fresh water = X. Then 

X(20) + (1,726,000,000 — X)16,000 
1,726,000,000 = 15,300 p.p.m. Cl 
X = 81,600,000 cu. ft. of fresh water. 
81,600,000 
6.510.000 = 12.5 days. 


Time in estuary = 
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Raymond. If the volume of fresh 
water in a section of the estuary is 
divided by the daily rate of fresh water 
addition, the quotient will represent 
the detention period of that portion of 
water in the estuary. 

Figure 8 shows, then, that if a kraft- 
type pulp mill discharges into the estu- 
ary at Ellis Slough (one of the sites 
under consideration), 116 days would 
be required for the waste water to 
reach large-scale dilution past buoy 
No. 2. On the same basis, 38 days 
would be required if discharged at 
Johnson Slough. <A waste discharged 
into the estuary is, thus, obviously not 
carried to sea on each ebbing tide, 
but remains in the estuary for a con- 
siderable time, exerting perhaps its 
total oxygen demand. This, of course, 
is assuming that the river flows do not 
exceed the values used in the computa- 
tions. Increased flows due to rains will 
shorten the time in the estuary; how- 
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ever, these values indicate that most of 
the waste material discharged during 
low flows remains in the estuary for 
the entire low-flow period. 

If the pulp mill were to obtain its 
entire process water from another 
watershed and discharge about 25 
e.f.s. into the Willapa River estuary, 
then the time of detention would be 
reduced from 25 to 35 per cent. This 
factor would be compensated for, how- 
ever, by the fact that the survey period 
did not extend through the entire dry 
season. If it had, the average river 
flow would have been 35 to 40 ef.s., 
rather than 50 c.f.s. 


Dissolved Oxygen Depletion 


One of the effects of waste discharge 
from a pulp mill is the oxygen deple- 
tion in the receiving waters. Figure 
9 and Table II represent an attempt to 
show theoretically what oxygen deple- 
tion might be expected in the Willapa 
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FIGURE 9.—Computed pulp mill effect on estuarial dissolved oxygen. 
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River estuary if a hypothetical kraft- 
type pulp mill were discharging at any 
given point along the estuary. Aver- 
age kraft mill waste water character- 
istics were taken from Wisconsin stud- 
ies reported by Warrick (9), although 
they were reduced in magnitude for 
this study because of improved opera- 
tional characteristics and waste preven- 
tion measures that would be expected 
at the mill proposed for the Willapa 
River area. 

The hypothetical kraft mill waste 
was assumed to have an average 5-day 
B.O.D. of 60 p.p.m., with the significant 
oxygen demand being satisfied in 20 
days according to the unimolecular 
theory. The capacity of the mill as pro- 
posed will be 235 tons of pulp per day. 
A waste volume of 65,000 gal. per ton 
of pulp or 15.3 m.g.d., is assumed. 
Estuary segments and volumes af- 
fected during a 20-day period for dis- 
charge of waste at given points was ap- 
proximated from Figures 8 and 3. As- 
suming a waste D.O. content of 0.0 
p.p.m., the initial D.O. content of the 
mixture of estuary water and mill 
waste was computed. Re-oxygenation 
from the atmosphere during this 20-day 
period was computed from the oxygen 
absorption tables of Imhoff and Fair 
(8) and from estuary surface areas 
previously determined. After comput- 
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ing the net oxygen depletion, the re- 
maining oxygen was computed and 
plotted in Figure 9, which shows that 
if a minimum D.O. value of 5.0 p.p.m. 
is to be maintained, then the mill waste 
should be discharged no further up- 
stream than Johnson Slough at river 
mile 10.1. 


Toxicity Concentrations 


Kraft pulp mill liquor contains com- 
pounds that are toxic to aquatic life. 
Minimum lethal concentrations on min- 
nows and fish food for some of these 
waste components are 0.5 p.p.m. for 
sodium sulfhydrate and methyl mer- 
eaptan and 1.0 p.p.m. for hydrogen 
sulfide and resin acids, according to 
Van Horn, Anderson, and Katz (10). 
In order to study the possible effects 
of the mill wastes it was assumed that 
the waste water would contain 5 p.p.m. 
total of these toxic substances and that 
the toxic material would be lethal only 
for a period of 24 hr. These assump- 
tions were made with the understand- 
ing that the proposed mill would have 
modern facilities for removal of most 
of the toxic material from the mill 
wastes. It was further assumed that 
the mill waste would be diffused 
throughout the full tidal prism at the 
point of discharge in the estuary. This 
diluting water was assumed to oscillate 


TABLE II.—Hypothetical Oxygen Depletion in Estuary ' 


Estuary 
Segments 
Affected 


Av. 
Tidal 
Vel., 
Fig. 4 
(m.p.h.) 


River 
Mile?* 


Surface epletion 
Oxygen 
in Segment Remain- 
volved 
(acres) | ab, (p.p-m.) 
(p.p.m.) 


20.8 | 0.35 
18.9 | 0.60 
17.1 | 0.65 
15.2 | 0.75 


132 1.23 
135| 1.05 | 1.21 
150| 1.17 | 1.09 
353 | 1.91 | 0.35 


16.4 


ON 


13.3 | 0.75 
11.4 | 0.70 
9.5 | 0.90 
7.6 | 1.00 
5.7 | 1.20 


378| 1.89 | 0.37 
396 | 1.83 | 0.43 
578| 1.85 | 0.41 
1,310} 2.08 | 0.18 


| Sane 2.22 | 0.04 


1 Assumptions do not correct for temperature changes. 
? Willapa Bay entrance at mile 0.0. 


13.3- 9.2 
11.3- 7.5 
9.2- 5.7| 161 
7.5- 3.9} 237 
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{a0 Pe ah in 20- ment | Fig.7 | luted | | ration ; 

\"(mi.) | day Per. | (cu. ft.|(p.p.m.)} Water | (%) ; 

(mi.) X10") (p.p.m.) 

2.2 | 24.5-18.4; 12 5.9 | 0.0 0 : 

3.7 |} 21.7 182 12 5.6 | | 16.2 0.0 0 

|} 4.0 | 17.8-15.3) 19 5.8 | 9.1 0.0 0 ; 

: ae 4.6 | 16.9 12.7| 35 | 6.0 | | 1.6 | 3.8 | 46 : 

4.6 | 15.5-11.1) 42 6.3 | 14 | 43 52 
a 4.3 | | 6.6 | | 14 | 4.7 | 57 

5.6 | |} 6.9 1.0 5.5 67 

6.2 | 7.2 0.2 6.8 83 

pene. 7.4 7.5 0.03 7.4 89 


Vol. 24, No. 4 


PULP MILL LOCATION STUDY 


IN MILL 


FOR 24 HOURS. 


RESIDUAL TOXICITY - P. P.M. 


BAY ENTRANCE | 


___ ASSUMING 5 P.P.M. TOXIC SUBSTANCES 
SEWER DISCHARGE OF 
15.3 M.G.0.. TOXICITY PERSISTS 


RAYMOND 
ELLIS SL 


RIVER MILES 
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back and forth by the point of waste 
discharge for a period of one day. As 
shown in Figure 10, the final concentra- 
tion of diluted waste in the estuary be- 
low Ellis Slough is well below the 
minimum lethal concentrations for min- 
nows and fish food, if perfect mixing 
of waste and water were obtained. 

No data are available on the min- 
imum lethal concentrations for Pacific 
oysters (the kind grown in Willapa 
Bay) and other shellfish. It is desir- 
able that such information be obtained, 
as it appears to be the principal miss- 
ing link in these studies. In addition, 
however, studies should be conducted 
to substantiate the assumption that 
toxicity of kraft waste is dissipated 
within a 24-hr. period. (The pulp- 
producing company for whom this 
study was made expects to make such 
toxicity investigations in the near fu- 
ture.) 


Conclusions and Recommendations 


1. Waste water from a kraft-type 
pulp mill should be discharged in the 
Willapa River estuary no farther up- 
stream than the vicinity of Johnson 
Slough. Insufficient dilution will cause 
a serious dissolved oxygen depletion 
if discharge is farther upstream. 

2. If possible, storage of sufficient 
time to allow for the decomposition of 


toxic materials should be provided be- 
fore the waste water is discharged to 
the estuary. 

3. Waste water should be discharged 
continuously at a constant rate, rather 
than only on an ebbing tide. The 
oscillating tidal motion negates the 
value of an ebb-tide discharge. More 
mixing and dilution will result from 
a continuous discharge. 

4. Discharge of waste water should 
be by diffuser pipe or other means 80 
that the waste water is distributed 
evenly across the estuary rather than 
being concentrated at one point. 

5. Sewage treatment should be pro- 
vided in Raymond and South Bend to 
improve the bacteriological, aesthetic, 
and dissolved oxygen quality of the 
estuary water. 

6. A study should be initiated to de- 
termine the toxie characteristics of di- 
luted kraft mill waste water on the 
Pacifie oyster and this study should 
include the effect of time and storage 
on toxicity. 

Summary 


A survey and study of the Willapa 
River estuarial area in Southwestern 
Washington State was made for the 
purpose of determining: 


1. The feasibility of discharging 
waste water from a proposed kraft-type 
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pulp mill into the Willapa River estu- 
ary. 

2. The most suitable point of dis- 
charge for this waste liquor. 

3. The existing condition of the estu- 
ary as affected by raw discharge from 
two cities and by decomposing wood 
wastes from several sawmills. 

4. The bacteriological condition of 
of the estuary and oyster beds at the 
mouth of the estuary. (Not reported 
herein. ) 


The section of Willapa River and 
Bay surveyed was 30.1 river miles in 
length, with the Willapa River estuary 
itself having a length of about 23 mi. 
at low water. Samples were collected 
during dry-weather conditions, which 
provided minimum steady stream flow 
conditions. Determinations were made 
for dissolved oxygen, chlorides, pH, 
temperature, coliform bacteria, and cur- 
rent movement. The Willapa River has 
a mean annual flow of 613 ¢.f.s., with 
minimum dry-weather flows in the sum- 
mer of less than 30 ¢.f.s. 

The discharge of raw sewage and the 
accumulation of wood wastes has re- 
duced the dry-weather dissolved oxygen 
content to less than 6.0 p.p.m. in the 
vicinity of Raymond, leaving little re- 
maining available oxygen for additional 
waste matter in this area if a minimum 
value of 5.0 p.p.m. is required. 

Waste material discharged into the 
estuary 2 mi. above Raymond (a poten- 
tial mill site) would, during the dry 
months, have an estimated detention 
period of 118 days in the estuary before 
discharge into a large volume of dilut- 
ing sea water in Willapa Bay. Mate- 
rial discharged into the estuary at 
Raymond (another potential mill site) 
would be detained 75 days, at South 
Bend 53 days, and at Johnson Slough 
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38 days. Detention periods were cal- 
culated using river flow, estuary vol- 
umes, and chloride values. 

Good mixing of fresh and salt water 
was evident in the estuary during the 
survey period with little variation in 
water quality or characteristics with 
depth. Average velocities, due mostly 
to tidal movement, varied from 1.3 
m.p.h. in Willapa Bay to 0.25 m.p.h. 
in the upper end of the estuary. 

Using assumed kraft-type mill waste 
water characteristics, it was determined 
by approximate calculation that waste 
water must be discharged into the 
estuary no farther upstream than John- 
son Slough in order to maintain a 
minimum dissolved oxygen concentra- 
tion of 5.0 p.p.m. The two contem- 
plated pulp mill sites and point of 
waste water discharge would, if used, 
remove all available dissolved oxygen 
from estuarial waters. The residual 
toxicity of the waste water diluted in 
the estuary for any point of discharge 
below Ellis Slough appears to be neg- 
ligible, unless it is found that the 
Pacifie oyster is extremely sensitive to 
these waste substances, in which case 
storage for a period sufficient to cause 
the destruction of toxic compounds will 
be necessary. 

Sewage treatment facilities should be 
provided in Raymond and South Bend 
to improve the dissolved oxygen and 
bacteriological condition during low 
river flows and to improve the appear- 
ance of the estuary. 
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ATOMIC ENERGY CONFERENCE SCHEDULED 


Designed to spread information on 
the facts and future of atomic energy, 
Michigan State College has announced 
a two-day conference, titled ‘‘ Atomic 
Energy and the Future,’’ on May 20— 
21, 1952. The program of which this 
conference is the opening phase is pri- 
marily to make information concerning 
atomic energy available to those who 
might be able to apply it in their 
special fields. 

Emphasis in the conference is to be 
placed on possible uses of atomic en- 
ergy in industry for power generation, 
including the personnel hazards, wastes 
treatment problems, ete. 

Sponsors of the program are the 


college’s Department of Mechanical En- 
gineering and the Continuing Educa- 
tion Service. Cooperative endorsement 
has been obtained from the Dow Chemi- 
eal Co. and the Detroit Edison Co. 
Participating experts have been in- 
vited from Massachusetts Institute of 
Technology, University of North Caro- 
lina, and AEC’s Argonne National 
Laboratory, as well as Michigan State 
College’s own staff. 

Further information concerning the 
conference and the continuing pro- 
gram may be obtained from Professor 
Donald J. Renwick, Mechanical Engi- 
neering Dept., Michigan State College, 
East Lansing, Mich. 
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THE OPERATOR’S CORNER 


ConpucTeD BY HEerBert P. ORLAND 


1951 OPERATOR’S FORUM * 


GrorGcE E. Symons, Leader 
Consultant and Technical Editor, Larchmont, N. Y. 


Chlorine Conservation 


Chairman Symons :—The Forum pro- 
gram lists four topics, selected with the 
idea that treatment plant operating 
problems change. It is the desire of 
operators to get the latest techniques 
and operation improvements, although 
sometimes they are forced into the im- 
provements. One such instance is the 
matter of chlorination. 

At the 1950 Federation Board of 
Control meeting in Washington, a 
special committee was appointed to 
study the problem of chlorination and 
chlorine supply. There had been sev- 
eral complaints of chlorine being un- 
available to sewage treatment plants. 
The committee performed important 
services in the preparation and adop- 
tion of the National Production Au- 
thority ’s Order M31, which established 
controls over chlorine distribution and 
assures availability of the chemical to 
water and waste treatment plants. 
Conditions indicate that consumers 
face a difficult period for several years, 
during which chlorine production will 
not be adequate to meet the demands 
for all uses. 

A factor in these developments has 
been the tendeney of chlorine manu- 
facturers to lose interest in the munici- 
pal field because there is a heavy de- 


* From transcript, 24th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
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mand in the chemical field for all the 
chlorine they produce, without any of 
the headaches involved in municipal 
purchasing practices. 

Because chlorine and chlorine con- 
tainers are in short supply, it behooves 
all operators to do something about 
saving chlorine or utilizing it more ef- 
ficiently in chlorination of sewage, 
whatever the purpose of the chlorina- 
tion may be. 

Ralph A. Hoot, Superintendent of 
Sewage Treatment, Philadelphia, Pa. 
(formerly, Superintendent of Sewage 
Treatment, Fort Wayne, Ind.) :—At 
Fort Wayne odor control was ex- 
tremely important because of the local 
opposition to the location of the plant 
when it was built. All of the plant 
chlorination, which was for odor con- 
trol only, was under automatic control. 
During the first year of operation it 
was discovered that satisfying about 
70 per cent of the chlorine demand 
would eliminate most raw sewage odors. 
Consequently, the automatic chlorine 
control equipment was set to leave an 
unsatisfied demand of about 30 per 
cent. An article on this arrangement 
appeared in the July, 1949, issue of 
Water & Sewage Works, page 267. 

The entire chlorination set-up at 
Fort Wayne (including two chlorina- 
tors, controllers, program timers, and 
all necessary accessories) cost $15,300, 
or approximately 1 per cent of the 
cost of the plant. In 8 years of oper- 
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ation, $96,000 was spent for supplies 
and maintenance, of which total only 
$442 went into maintaining the chlo- 
rination equipment. Automatic chlo- 
rination control at Fort Wayne gave 
effective odor control and at the same 
time conserved chlorine by effective 
utilization of the dosages used. 

Harry A. Faber, Research Chemist, 
The Chlorine Institute, New York, 
N.Y.:—There seems to be a pretty 
general conception that chlorination is 
a very simple process. That idea has 
resulted in more poor applications of 
chlorine than anything else, because 
chlorination isn’t simple and_ the 
reason it isn’t simple is that the re- 
sults of chlorination are seldom evi- 
dent, except in the case of odor control. 
Bacteriological tests or chemical tests 
are necessary to see whether or not 
chlorination is functioning effectively. 

The only way to conserve chlorine, in 
general, is to understand the funda- 
mentals of the chlorination process: 
what is to be done, whether or not it 
is being accomplished, and whether or 
not it is being accomplished as eco- 
nomically as possible. The best recom- 
mendation that I could make would be 
to read the Federation’s new ‘‘ Manual 
of Practice No. 4,’’ which has been 
issued recently and which is a presen- 
tation of just about all the material 
there is on the chlorination of sewage 
and industrial wastes. 

C. C. Larson, Chemist, Springfield 
(1u.) Sanitary District:—We talk 
about conserving chlorine; but who is 
to judge whether or not we are wasting 
chlorine? For example, in the Spring- 
field water system we carry a residual 
of 0.4 or 0.5 p.p.m. with good bae- 
teriological results. In other places the 
water plant carries 2 full p.p.m. resid- 
ual “‘just to be on the safe side.’’ 
In a plant handling any volume of 
water the difference in consumption of 
chlorine between a residual of 0.4 and 
2.0 p.p.m. amounts to a lot of chlorine. 

Louis K. Ekstrand, Superintendent, 
North Shore Sanitary District, Wau- 
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kegan, Ill.:—In water chlorination a 
standard residual of so many parts per 
million may be justified, but in sewage 
chlorination that doesn’t always hold 
true. To meet the water standard for 
bathing beaches in the area, the North 
Shore Sanitary District plants must 
have nearly complete bacterial kill. 
The state authorities require an ef- 
fluent residual of 0.5 p.p.m., but in one 
of the District plants we shoot for 3 
p.p.m. Most of the eight installations 
are Imhoff units and even with 3 p.p.m. 
residual the kill is not always com- 
plete. On the other hand, a complete 
kill has resulted at times with a resid- 
ual of 1 p.p.m. Also, we have found 
that there is such a thing as too long 
a detention time. We have found the 
best control for chlorine conservation 
to be residual tests at 1-hr. intervals. 
Despite what the manufacturers may 
claim, automatic control of chlorine 
dosage must be supplemented by man- 
ual control. 

Chairman Symons:—Conservation 
ean be accomplished by using the right 
amount of chlorine and holding the 
right residual. A second requirement, 
however, is to maintain the desired 
residual throughout the contact period, 
thus preventing over- or under-dosage. 
Local conditions make a difference in 
the approach to the problem. For ex- 
ample, at Buffalo, N.Y., bacterial kill 
is the principal criterion of operation, 
inasmuch as one-third of the Niagara 
River is available for dilution. In this 
case, it is only necessary to reduce the 
bacterial count to about 1,000 coliforms 
per milliliter. Buffalo practices chlo- 
rination before sedimentation. With 
this long contact period it is possible 
to reduce the coliform density with a 
low residual and have no residual in 
the plant effluent. Buffalo also has 
hourly control for determining chlorine 
demand and chlorine residual so that 
the chlorinators can be set to follow the 
demand and the flow variations. 

Herbert O. Lord, Chief Engineer, 
Madison (Wis.) Metropolitan Sewer- 
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age District:—Several years ago we 
were using about three carloads of 
chlorine per year for odor control. 
This year no chlorine has been used for 
this purpose. One of the sources of 
the odors was the treatment plant, 


which employs trickling filters and ac-. 


tivated sludge. By keeping a moderate 
dosage on the filters through the night 
the objectionable odor conditions have 
been eliminated. 

Severe odors have been a problem at 
pumping stations in the city, particu- 
larly at one having a large wet well 
conducive to sludge deposition and 
decomposition. In three new pumping 
stations built recently, this condition 
has been overcome by the simple ex- 
pedient of using small wet wells and 
providing each with a water trap. The 
trap is simply a depression at the end 
of the sewer with a wall coming down 
into the depression to a point below the 
sewer invert. The wet well and screen 
room is force ventilated, with the ex- 
haust air being discharged to the sewer. 

A. E. Griffin, Director of Technical 
Services, Wallace & Tiernan Co., Inc., 
Newark, N.J.:—The best way to con- 
serve chlorine is to have a proper plant 
for sewage treatment and to operate 
it properly. 

A second way to conserve chlorine is 
to know what the chlorine is being 
used for. Is it being used simply to 
kill odors? Is it being used to kill 
bacteria? If for the latter purpose, 
to what extent is the attempt being 
made to kill the bacteria? Is the de- 
sired result a simple percentage re- 
duction, or a reduction to a standard 
number of bacteria remaining in the 
effluent? It makes all the difference 
in the world. Is chlorine being used 
to remove grease, or to improve plant 
operation, or to prevent bulking? 
Each of these uses has its own chlorine 
dosage. Some are based on chlorine 
residual, others are not. 

A third factor in conserving chlo- 
rine is the question of chlorine residual. 
It has already been pointed out how 
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it is necessary for one plant to main- 
tain a residual of 3 p.p.m., whereas 
others only carry 0.3 p.p.m. That in- 
dicates a need for a better way of de- 
termining the chlorine residual in sew- 
age. Arbitrary residual values, even 
with definitely stated contact periods, 
are not the complete answer; the ortho- 
tolidine test will not tell how many 
bacteria remain after chlorination. 

On the matter of control, there is 
programmed control and flow control. 
In programmed control the chlorinator 
is set for three selected doses to be au- 
tomatically applied during predeter- 
mined time intervals. That equipment 
has been in use for a number of years. 
Flow control follows the flow with a 
set dosage of chlorine. These controls 
tend to prevent under- or over-dosage, 
but do not compensate for demand 
variations. 

Walter H. Brown, Jr., Sales En- 
gineer, Builders-Providence, Inc., Prov- 
idence, R.I.:—Automatically paced 
and program controlled machines have 
been developed to assist the operator 
in cutting down the time required to 
attend the machines and to conserve 
chlorine. The manufacturers of these 
machines are highly in favor of the 
effort to conserve chlorine ; without con- 
servation effort there just isn’t going 
to be enough to go around. 

In operation of the Cranston, R.I., 
sewage treatment plant, industrial 
wastes caused severe trouble. How- 
ever, we found the application of chlo- 
rine to be a tremendous help in con- 
trolling piant operation. 

Chairman Symons:—Up-sewer chlo- 
rination is another means of conserving 
chlorine. If the water supply has 
sulfates in it and the sewer line is long, 
hydrogen sulfide will develop. That 
takes more chlorine to satisfy its chlo- 
rine demand than does the sulfur when 
in the organic form. Up-stream ad- 
dition of a sub-residual chlorine dosage 
prevents growth of sulfate-splitting 
bacteria, in turn preventing the forma- 
tion of hydrogen sulfide, and thereby 
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reducing the amount of chlorine re- 
quired at the treatment plant. 

In Buffalo it was determined in 
advance of building the plant that up- 
sewer chlorination was not necessary. 
That knowledge saved some $50,000, 
more than enough to pay for the oper- 
ation of the experimental laboratory 
which made the discovery. 

Mr. Faber:—There is also the situ- 
ation of using chlorine to save some- 
thing else. An excellent illustration of 
this condition is the Los Angeles 
County Sanitary District plant, where 
up-sewer chlorination to prevent sep- 
ticity of the warm sewage increased the 
actual capacity of the new activated 
sludge plant four-fold. In other words, 
plant capacity was conserved by use of 
chlorine in the proper manner. 


Meter Maintenance 


Chairman Symons:—In many sew- 
age treatment plants everything is 
measured by some metering device. 
And each of these devices has its oper- 
ating difficulties and adverse con- 
ditions, so each needs maintenance. 
Just as an automobile should be main- 
tained by periodical inspections, oil 
changes, ete., a meter and its record- 
ing, totaling, or registering device 
should be checked, oiled, cleaned, and 
maintained. 

Leslie E. West, Chief Engineer, Joint 
Meeting, Orange, N.J.:—The trunk 
sewer system of the Joint Meeting 
serves 12 communities that pay for the 
cost of operation in proportion to the 
contributed flow. Therefore, quite a 
complex variety of meters is involved, 
with a good many being Venturi 
meters. When one has to certify the 
measurement of flow for purposes of 
payment, it is understandable that 
there should be a desire to be sure the 
meters are in good operating condition 
and recording accurately. Therefore, 
we have had some interesting main- 
tenance problems on Venturi meters. 

Except for those at the plant, the 
principal control meters have a capa- 
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city of about 60 m.g.d. Those operated 
by direct float connections are pre- 
ferred to the mercury type. As part 
of the normal maintenance program, 
the charts of these meters are changed 
every Monday. At the same time the 
meter men bring each meter down to 
zero and then check the build-up again 
to the rate of flow indicated at the 
time they entered the building. 

If the meter recovery is sluggish, 
the Venturi tube piezometer rings are 
flushed out under pressure, and often 
drained. It has been found that short 
circuiting of this cleaning water is an 
inherent deficiency in this type of 
equipment. Therefore, we often tap 
the rings to dislodge any sediment 
while they are being flushed. 

Gauge glass connections also have 
been put on the outside of the float 
tubes so that the liquid levels can be 
checked physically. That, of course, is 
another way of confirming the accurate 
operation of the meters. 

Mercury-type meters are rather com- 
plex. Therefore, we do not like to have 
our men take them apart. They have 
worked satisfactorily for two or three 
years, after which we have the manu- 
facturer send in a man from the fac- 
tory for a day or two to check them 
over. His certificate of accuracy for 
each meter is a welcome addition to the 
plant records. 

John J. Wirts, Superintendent, East- 
erly Sewage Treatment Plant, Cleve- 
land, Ohio:—Maintenance and repair 
of metering equipment requires a 
peculiar talent not generally prevalent 
among the workmen hired at most sew- 
age treatment plants. In the term 
‘‘metering equipment’’ I include any 
instrument, even-a chlorinator. 

Cleveland has some rather large 
plants by comparison with most, and 
has been able to spend more perhaps on 
maintenance than others could. We 
sent one of our men, a millwright, to an 
instrument manufacturer’s factory to 
learn all about the machines even be- 
fore they were put into operation. We 
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have found it very beneficial to have 
one man trained for that particular 
work and to keep the other men away 
from that type of equipment. In ad- 
dition, to train a man in this manner 
raises his morale considerably and in- 
creases his pride in doing a better job. 

Perhaps for the smaller plants some 
reciprocal arrangement could’ be 
worked out whereby one man would 
be trained on chlorinators and measur- 
ing devices so as to service that equip- 
ment in all plants in an area. The 
subject of metering is so important and 
technical that the average small plant 
superintendent doesn’t have the time 
to get into all its phases. Also, it is 
generally beyond his budget means to 
have a factory representative service 
the equipment. However, he ean usu- 
ally find the funds necessary for such a 
cooperative scheme as has been sug- 
gested. 

Mr. Brown:—About 1939 or 1940, 
several instrument manufacturers in- 
augurated the idea of a service con- 
tract, whereby a factory representative 
would visit the plants in an area peri- 
odically and service the equipment. 
World War II seriously interfered with 
that program, but most of the in- 
strument manufacturers now are rein- 
stituting it in some form. 

The matter of servicing the small 
plants is of much concern. However, 
periodical trips through an area by 
skilled service men can reduce the cost 
of service contracts to the point where 
they become economical for the plants 
serviced. The response to this type of 
service is highly gratifying. 

As regards flushing of the annular 
rings of Venturi tubes, at least two 
manufacturers are producing Venturi 
tubes without annular chambers for 
use in sludge measurement, but with 
accuracies so near those of tubes with 
the annular chamber that they are 
perfectly acceptable for sludge meas- 
urement. With just the one take-off 
at high- and low-pressure points in the 
tube and continuous backflushing, the 
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passages are kept clear and the meter 
registers accurately over a much longer 
period than does the conventional tube 
with the annular ring and four or more 
ports. This type of tube without the 
annular ring is not recommended, how- 
ever, for measurement of sewage. 
Louis J. Fontenelli, Supervising En- 
gineer, Rahway Valley Joint Meeting, 
Garwood, N.J.:—The costs of operating 
the Rahway Valley Joint Meeting are 
apportioned to each municipality on 
the basis of the contributed flow. 
Through many years of experience we 
have found that the simpler the device 
for recording, the less maintenance is 
required and the greater the accuracy. 
Toward the second full year of re- 
cording flows from one municipality it 
was found that the plant electrical re- 
cording instrument was recording from 
5 to 30 per cent error in the flow. That 
immediately created quite a problem, 
because the municipality had to be 
refunded money overcharged the pre- 
vious year. The trouble was finally 
found to be due to the wearing of the 
cam in the transmitter, which gave an 
erroneous relation between the eleva- 
tion at the weir and the totalizing in- 
strument within the plant. At some of 
the smaller plants, with only one total- 
izing instrument, a careful check 
should be made of the zero point of the 
weir and the instrument should be 
carefully calibrated in use. The check 
is a simple matter and well worth- 
while to ensure accurate recording. 
Because of the necessity for continu- 
ous accurate recording of flows, we 
changed from a complicated electrical 
transmitting instrument to a conven- 
tional float instrument operated from a 
stilling well and having continuous 
paper recording. The recording sheet 
is changed twice a month and the flow 
calculated from planimetered areas. 
M. L. Wickersheim, Superintendent, 
Sewage Treatment Plant, Estherville, 
Iowa:—The flow at my plant averages 
about 2.25 m.g.d., which is measured by 
one meter. It has been found that the 
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operators are careless and do damage 
the instrument; for instance, I re- 
cently arrived at work one morning to 
find that the cleanup man had torn 
out all the instrument cables in his 
cleaning activities. How he did it is 
not known, but it took several hours to 
reconnect them and recalibrate the in- 
strument. 

Mr. Wirts:—The following incident 
might be helpful for those who base 
any rates on metered flow: In Cleve- 
land a 6-ft. diameter tunnel with a 
large Venturi meter has been oper- 
ating for 20 years on settled sewage. 
An examination of that tunnel re- 
vealed a deposit of soft grease-like 
material probably 5 in. thick on the 
tapered inlet casting of the Venturi 
meter. Where the velocity increased 
to provide the differential, the coating 
tapered down to almost zero thickness 
at the throat. 

Extreme care should be exercised 
about being too positive concerning 
metered flows. The Venturi meter has 
done some marvelous work on water 
and the guarantees of accuracy may be 
valid with that medium, but it doesn’t 
necessarily follow that the accuracy 
will hold after a period of sewage 
measurement service. We have tried 
to anticipate that condition. By 
checking back to zero as we do, by 
flushing, and by checking against water 
columns, we get a fair picture of any 
variations. Even then, we do not be- 
come too disturbed when the results 
are not exactly what we think they 
should be. 

In some cases there may be two very 
large Venturi meters that can be 
checked against four smaller meters, 
the sum of the four theoretically equal- 
ling any portion or all of the flow of 
the two mains. The comparative re- 
sults may not always check, probably 
due to spasmodic sloughing of material 
adhering to the inner surfaces. 

Any designer of a Venturi tube 
prides himself on the extreme accuracy 
of his device, an accuracy dependent on 
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the length and diameter of the throat, 
the angle of approach, and the dis- 
charge angle. Certainly a change of 
4 or 5 in. in the inlet diameter will 
result in significant error. 

W. W. Mathews, Superintendent, 
Gary (Ind.) Sanitary District :—Do 
you think it advisable to set a Venturi 
meter in sewage practice in a vertical 
rather than a horizontal plane? 

Mr. Wirts:—I see no reason why it 
is absolutely essential to use the hori- 
zontal plane. Also, it is known that 
the longer the approach to the meter, 
the smoother and better the flow is, 
and the more accurate the measure- 
ment. Those things have to be looked 
at in a practical way. Under the cir- 
cumstances, using sewage, sludge, ex- 
cess sludge, or return sludge, the ver- 
tical position for economy is well taken. 

Chairman Symons:—I haven’t had 
experience with a Venturi changing 
its diameter. However, during flow 
studies it was found that the flow 
characteristics of one of the Buffalo, 
N.Y., interceptors changed from sum- 
mer to winter. The change was due 
to a variation of 3 in. in the sewer 
diameter as grease collected during the 
winter and melted off in summer. The 
effect on the Venturi described by Mr. 
Wirts would depend on the angle of 
approach in the inlet, the change in 
roughness, and the thickness of the 
coating. These factors may or may not 
be compensating. 

Sol Seid, Supervisor, Department of 
Public Works, New Brunswick, N.J.:— 
In the central section of New Jersey 
there are about 25 plants, of which 3 
are large ones. Most of the others are 
small, and with their limited budgets 
are staffed only by one operator and a 
laborer or two. About five years ago 
there was set up a committee upon 
which all the plants could eall. This 


“*good neighbor’’ program has proved 
helpful to almost everyone involved. 
An item of interest concerns a trick 
used by our maintenance men with flow 
Dur- 
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ing certain periods of the year, par- 
ticularly in wet or cold weather, the 
meter charts wrinkled so badly that 
flow records were unobtainable. This 
condition has been remedied by put- 
ting louvres atop the wooden houses 
and air inlet holes in the doors. In 
really wet weather the door of the 
meter is opened and a 250-watt bulb 
is inserted for drying purposes. The 
results are amazing. 

Frank L. Flood, Partner, Metcalf & 
Eddy, Boston, Mass.:—The question of 
coating on the interior of Venturi 
meters is of considerable interest. One 
particular case that has come to my 
attention is where the sewage flow 
from Peabody, Mass., enters the South 
Essex sewer system. The Venturi me- 
ter at that point handles a considerable 
amount of waste including lime and is, 
therefore, subject to continuous ac- 
cumulation of a deposit on the interior. 
In that case it is essential to have a 
by-pass around the Venturi meter so it 
may be taken out of service and cleaned 
periodically. 

There is also a question about sludge 
meters. It is known that sludge lines 
accumulate a serious deposit in the 
pipe and that the deposit must extend 
through the Venturi meter. It would 
appear essential to have a by-pass on 
the meter, or in larger plants to put in 
duplicate lines. That raises the fur- 
ther question of how to clean these 
lines. In many plants provision is 
being made to simplify passage of a 
‘*oo-devil’’ through the lines periodi- 
cally, thus reducing the problem to the 
meter itself. 

Chairman Symons:—At Buffalo, 
grease in the sludge lines is removed 
by melting it out with steam. This 
practice has caused the cast-iron pipe- 
line to expand and break the joints. 
Consequently, thought is being given to 
replacing the cast-iron sludge lines 
with steel pipe. The ‘‘go-devil’’ didn’t 
work out too well. In fact, the grease 
accumulations cut down the pipeline 
capacity so badly that the pumps 
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wouldn’t handle the extreme pressures 
involved. 

Robert D. Bargman, Assistant Chief 
Engineer, Hyperion Activated Sludge 
Plant, Los Angeles, Calif.:—We have 
found it necessary to clean raw sludge 
lines after about 8 or 9 months of 
operation. We simply bought a good 
‘*oo-devil,’’ inserted it in the line, and 
pumped it through. The flushing oper- 
ation must be done with high pressure, 
which is available all along our raw 
sludge line. The ‘‘go-devil’’ worked 
satisfactorily, the line being cleaned 
and the pressure restored to normal in 
some 8 to 10 hr. 

Chairman Symons :—Was there any 
deposition in the meters in that line? 

Mr. Bargman:—A section of the raw 
sludge line adjacent to the meter was 
removed. Although the throat section 
was clean, there was build-up close to 
the meter. However, cleaning the ap- 
proach was simply a hand job. Never- 
theless, a difference is noticed in the 
raw sludge meter before and after 
such a cleaning. 

N. 8S. Bubbis, General Manager, 
Greater Winnipeg (Man.) Sanitary 
District :—Has anyone present had ex- 
perience with the orifice type of meter 
in sewage lines? 

Mr. Brown:—We have had requests 
for the orifice meter for use on sewage 
and sludge lines. Frankly, our en- 
gineering department does not approve 
of this use, as any sharp-edged orifice 
or weir is very susceptible to clogging 
or to having material hang on it. 

Marvin O. Kruse, Kruse Engineering 
Service, Spencer, Iowa:—We have in- 
stalled a number of Parshall flumes in 
sizes from 250,000 to 600,000 g.p.d. 
and all have worked successfully. The 
Parshall flume is not quite as accurate 
as the Venturi meter, but it can be 
more easily maintained. Usually it is 
installed right in the influent channel 
of the plant and at such a place that 
the sewage flowing through it can be 
observed. Then if there is any clog- 
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ging or tendency to clog the operator 
can easily keep it clean. 

The recording device on a Parshall 
flume is simply a stilling well and float 
arrangement to measure the differential 
in head between the entrance and 
throat levels in the flume. As a matter 
of checking, the Parshall flume read- 
ings should be checked against weir 
readings occasionally, because hard 
scraping during cleaning of the flume 
is likely to change its characteristics. 

Henry Van Der Vliet, Superinten- 
dent, Joint Meeting Sewage Treatment 
Plant, Rutherford, N.J.:—If there is 
any appreciable grease in the sewage, 
it will affect the meter readings of a 
Parshall flume, probably because of 
interference with float operation. We 
clean our float wells and flumes every 
week. 

John F. Laboon, Chief Engineer, 
Allegheny County Sanitary Authority, 
Pittsburgh, Pa.:—A very simple way 
of correcting the difficulties arising 
from grease accumulation and wear of 
conerete in Parshall flumes, as well as 
providing an accurate means of pro- 
portioning the control sections, is to use 
a welded steel section encased in con- 
crete. 


Increasing Effectiveness of Grit 
Removal and Sludge Dewatering 


Chairman Symons:—The next sub- 
ject is that of improving plant proc- 
esses, particularly grit removal. Grit 
comes primarily from combined sewer 
operation, although there are a num- 
ber of sewage treatment plants that do 
not have combined sewers, but should 
have grit chambers. 

Kerwin L. Mick, Superintendent and 
Chief Engineer, Minneapolis-St. Paul 
(Minn.) Sanitary District:—A_ grit 
chamber is certainly essential in a com- 
bined sewer system. During normal 
dry weather or on an average yearly 
flow basis, we get between 4 and 5 cu. 
ft. of grit per m.g. of sewage. During 
rainy summers, such as 1951, when we 
had a record high rainfall since 1942, 
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the grit more than doubles and we 
average about 10 cu. ft. per mg. 
We’ve had some trouble in removing 
that grit at times, due to the fact that 
unless the grit chambers are care- 
fully operated it is very easy to flush 
some of the grit into the settling tanks 
and thus cause plenty of trouble. 

During so-called dry-weather periods 
the grit chamber velocity is allowed to 
rise considerably (held between 1.0 
and 1.4 ft. per sec.) However, as soon 
as the meter charts indicate that a 
storm has started in the tributary area 
more chambers are thrown in and the 
velocity is cut down to between 0.6 and 
0.7 ft. per see. in an effort to keep the 
fine grit from getting through to the 
plant. 

At times some of the fine sand will 
get flushed through. In fact, on one 
occasion one of our settling tanks was 
loaded down to the point where one of 
the cross collector brackets was ac- 
tually torn off the concrete wall. 
When we dewatered that tank we found 
about 5 ft. of sand in the cross-collect- 
ing channel. 

William 8S. Bloss, Sales Engineer, 
Worthington Pump and Machinery 
Corp., Buffalo, N.Y.:—What happens 
to the organic content of the grit when 
the grit channel velocity is reduced 
from 1.4 to 0.6 ft. per sec.? 

Mr. Mick:—On our average yearly 
flow and grit removal, we seldom ex- 
ceed 10 per cent in the grit as re- 
moved. In this case there is a washing 
action by the sewage as the grit goes 
up the inclined screw conveyors, so 
that the organic content averages 10 
per cent. With heavy rains that figure 
goes even lower. With more street 
wash we get a cleaner grit; that is, the 
organic content is about 5 per cent. 
In reducing from a velocity of 1.0 or 
1.4 ft. per sec. down to 0.6 ft. per sec. 
(as is done during storms), we come 
out with a cleaner grit than at the 
higher velocity. . 

Charles H. Young, Division En- 
gineer, State Dept. of Health, Harris- 
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burg, Pa.:—When air flocculation is 
used doesn’t it tend to wash out the 
organic material and leave a lot of fine 
grit? 

Mr. Mick:—That is an interesting 
point. We wondered where some of 
the sand came from in our flocculators 
at times. When we were using floccula- 
tion and a storm came up, we loaded 
the floceulators down with grit; it is 
easy to flush the sand through and 
load up the floceulator, which is the 
first tank it would enter. However, we 
did not feel that separation by aeration 
was the explanation, because no separ- 
ation was apparent during normal dry- 
weather operation of the flocculators. 

Chairman Symons:—In a study made 
of the composition of grit during dry- 
weather operation, we listed the various 
things it contained to determine why 
it had a 50 per cent organic content. 
Among the most numerous items were 
beans, peas, corn, barley, angleworms, 
and spaghetti. 

Mr. Van Der Vliet :—I had 12 ft. of 


grit to remove from a digester, but the 
material couldn’t be taken out by jet- 
ting and pumping because it was all 


matted with hair. The material just 
wouldn’t go through a pump; it had to 
be hoisted out through the digester 
cover in buckets. Although we have a 
grit collector and a separate sewer 
system, we still had 12 ft. of sand in the 
digester. 

W. D. Hatfield, Superintendent, Sew- 
age Treatment Plant, Decatur, Ill.:— 
The old grit chambers at the Decatur 
plant were of the manual control type, 
about 90 ft. long by 8 and 10 ft. wide. 
For many years we shoveled out the 
grit, which included paunch manure 
deposited at the outlet end of the 
chambers. The grit removed from the 
first two-thirds of the chambers was 
clean and was used to sand the sludge 
drying beds over the years; it had to 
be pretty good grit to be suitable for 
that purpose. 

There were large openings in the bot- 
tom of the tank so the cleaning opera- 
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tion was simply one of dewatering a 
unit and shoveling the sludge through 
the openings into cars below. This was 
facilitated by the difference in levels, 
which permitted running a dump car 
under the cleaning holes. Nevertheless, 
erit chamber cleaning was the most 
disagreeable job around the plant, be- 
cause of the large quantity of paunch 
manure involved, with the attendant 
odors. 

Some three or four years ago me- 
chanical grit removal equipment was 
installed. That equipment has been 
operating satisfactorily, producing a 
good clean grit. However, we have 
found that there are many classes of 
erit and that the handling of the grit 
differs widely with the time of the year. 
At certain times of the year the grit 
is rather clean, granular, coarse ma- 
terial that elevates easily and is en- 
tirely suitable for use on the sludge 
beds. The grit is washed automatically 
as it is elevated through the sewage for 
removal by truck. Washing also can 
be accomplished by a water jet agi- 
tator. 

In autumn, of course, leaves present 
a problem. They get water-soaked, 
settle, and it is difficult for the grit to 
flow to the elevating devices. The 
material has to be pushed into the ele- 
vators. There are other times, in the 
spring, when the sticks and leaves that 
have fallen and gotten ground up to a 
rather mushy consistency during the 
winter—but still will settle—prevent 
the grit from flowing naturally to the 
elevators. This type of material also 
has to be pushed along to the elevators. 
The plant foreman has five or six clas- 
sifications of grit, based almost en- 
tirely on how well it will flow to the 
elevator sump. There is no difficulty 
with the scraping mechanism, but dif- 
ferent methods are necessary to get the 
grit to rise in the elevators. 

From investigation of the causes of 
shear-pin breakage, we found that only 
a very fine gritty material gets to the 
outlet end of our grit chamber; a 
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material so fine it is almost at the 
activated carbon stage. No trouble 
has been experienced in the Imhoff 
tanks with fine grit. 

We used to talk about 1 ft. per sec. 
as a grit chamber velocity. Since the 
grit removal mechanisms have been in- 
stalled it’s a little hard to say what the 
velocity is, because of the motion of 
the mechanism. Nevertheless, I would 
guess that the velocity in our chambers 
now is about 0.33 ft. per sec., with 
much better results than at the higher 
velocity. In other words, with mechan- 
ical grit removal we are using three 
grit channels all the time, whereas with 
hand removal only one or two were in 
use at any one time. 

Mr. Flood:—Aerated grit chambers 
offer an excellent method of improving 
grit removal. From such observations 
as I’ve been able to make in the opera- 
tions of the new aerated grit chamber 
at Columbus, Ohio, it appears that al- 
most any fineness of grit desired can 
be removed by regulation of the air 
throughout the length of the grit tanks. 
I have been at that plant several times 
and have been impressed both by the 
quality of the grit and the fineness of 
it in the latter part of the chamber. 
I wonder if any operators have had ex- 
perience with an aerated grit chamber. 
Air has been used in the past to stir 
up the grit and to remove volatiles, but 
the type of grit chamber referred to 
does not operate in that manner. It 
is a type of tank in which the diffuser 
tubes are suspended in one side of the 
tank, leaving a hopper or some space 
beneath for the collection of grit. Some 
plants using pre-aeration have experi- 
enced this accumulation beneath the 
tubes. 

I expect the development of aerated 
grit chambers originated from the 
trouble with pre-aeration tanks. No 


doubt in the future where pre-aeration 
is used and where the tubes are sus- 
pended, it will be necessary to have 
some type of grit removal in conjunc- 
tion with such tanks. 
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Carl B. Carpenter, Superintendent, 
Hammond (Ind.) Sanitary District :— 
I’ve had experience the past 10 years 
of operating a plant involving the com- 
bined use of air for pre-aeration and 
grit washing and removal. The two 
parallel units in our case, however, use 
diffuser plates. We’ve not experienced 
any difficulties of carry-over of grit to 
the digesters and the grit has been very 
clean. The arrangement provides for 
sweeping the grit, as separated from 
the raw sewage, into hoppers at the 
base of small low-head air lifts; lifting 
it into a header; and directing the grit 
into a classifier arranged for return of 
organic material to the raw sewage. 

John S. Hess, Superintendent, Sew- 
age Treatment Works, Fremont, Ohio: 
—Operation of a separate sanitary 
sewer system never gave me much 
trouble with grit. However, recent 
combined system operation has given 
me trouble. As Dr. Hatfield says, prob- 
ably the 1 ft. per sec. rate should be 
discarded completely, now that such 
excellent washing mechanisms are 
available. 

The fine silt resulting from combined 
operation (practically colloidal size) 
has given us the most trouble. In fact, 
it was discovered that within the an- 
nular trough outside the weir of the pri- 
mary tank there was a heavy deposition 
of silt. Possibly de-ionizing of the 
colloidal particles by some means or 
other is causing this deposition—at a 
point where you would normally sus- 
pect that the detention period of the 
primary tank would have removed all 
that sort of thing. Something is keep- 
ing these particles dispersed until the 
sewage drops over the weir. 

I wonder if there isn’t another pur- 
pose in having aeration in a grit cham- 
ber; something to remove the fine 
particles that get in with combined 
sewer operation, but not in sanitary 
operation. In other words, pre-aera- 
tion may accomplish de-ionization of 
the fine particles of cinders and other 
grits caught by catch basins. 
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Mr. Larson:—If grit is not taken out 
in the grit chamber, it will accumulate 
in the digester. Mention has been 
made of cleaning digesters because of 
grit accumulation. I wonder why. 
We have seven digesters in the Spring- 
field, Ill., plant, none of which is equip- 
ped with stirring mechanisms. We 
tried cleaning them at first. Then we 
came to the conclusion that if you let 
them alone, you’re just as well off. The 
grit in our digestors forms a ‘‘dough- 
nut’’ on the sloping hopper bottom and 
adopts an angle of repose that is about 
the same at all times. If the ‘‘dough- 
nut’’ is removed, during the first few 
weeks new grit will accumulate on this 
slope, and very shortly you have the 
same condition that you started with. 
So we stopped worrying about clean- 
ing the digesters. We figure that we 
lose that much of the effective volume 
of the digester and we might as well 
face it. 

W. A. Sperry, Superintendent, 
Aurora (Ill.) Sanitary District :—That 
might be the case for a digester without 
stirring mechanism. With stirrers of 
the plow type, however, the grit can be 
kept moved out of the digester, even if 
it does get past the grit chamber. 

Mr. Matthews:—F rom 8 to 10 cu. ft. 
of grit per m.g. of sewage are removed 
at Gary, Ind.; at peak loads the grit 
amounts to as much as 3.3 cu. yd. per 
m.g. With that sand volume, some 
carries over to the primary digester 
in the sludge, but very little carries 
over to the secondary digester. 

In the primary digester (90-ft. diam- 
eter and 20-ft. sidewall depth) we have, 
on draining, found 8 ft. of sludge 
mixed with fine sand. Fortunately, 
it could be moved by flushing and 
pumping with raw sludge pumps. Also 
we have never had a sludge line to the 
beds clog with sand. We clean out the 
grit accumulation from the digester as 
regularly as possible, to utilize the total 
capacity of the digesters. With pad- 
dle agitators at the bottom of a rotating 
shaft we can keep the tank bottom 
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fairly clear unless the agitators are 
out of service. 

Mr. Bubbis:—Grit removal is def- 
initely tied up with combined sewer 
operation. The Winnipeg system is 
of the combined type, so we also have 
the problem. 

The Winnipeg Street Department 
finds chemicals of little use on the snow 
and ice because of the extreme cold. 
Theréfore, several thousand tons of 
cinders and sand are deposited on the 
sidewalks and roads during the winter. 
Come spring, that material presents a 
problem, as the Street Cleaning De- 
partment has difficulty in cleaning the 
streets until they are dry and by that 
time a good deal of the cinders and 
sand has gone down the sewer. Some, 
of course, is stopped by the catch 
basins, but most eventually reaches the 
plant. The detritor unit at the plant 
normally does a good job, but a second 
unit is needed and is being installed. 

In the spring it has been necessary 
on oceasion to close the detritor down 
and shovel the cinders out of it be- 
cause the mechanical unit couldn’t 
handle it. In addition, there is another 
problem. Some of the silts arriving at 
the plant are so fine that they carry 
out of the detritor and are deposited 
in the digesters. It is extremely dif- 
ficult to filter sludge containing any 
appreciable quantity of silt. For in- 
stance, after the 1950 flood there was so 
much fine silt carried over that we 
couldn’t filter for about four months. 
The only way to get a cake to form at 
all was by mixing sawdust with the 
sludge. What with the bottom de- 
posits and a scum layer that at times 
gets to be 8 ft. thick, the digesters have 
to be cleaned or there is no effective 
volume left. 

As regards pre-aeration for grit re- 
moval, the only question I have is how 
to insert such units in existing plants. 

Mr. Fontenelli:—Having just cleaned 
out a primary digestion tank, I can 
agree that there is a maximum point 
beyond which there is no grit build-up 
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on a digester bottom. If it becomes 
necessary to clean a digester, however, 
there are a few points worth consider- 
ing. The first is means of access to get 
at the material, be it bottom deposits 
or scum. The second is a means of 
pumping hair balls and similar debris 
from the digester sump, by a positive 
displacement pump connecting to the 
sump by a pipeline. The third is a 
permanent pipeline to a lagoon or other 
storage unit for facilitating the di- 
gester emptying process. 

Gordon L. Burt, Superintendent of 
Sewage Treatment, Portland, Ore.:— 
The new Portland sewage treatment 
plant, which serves a combined sewer 
system in an area of almost constant 
rainfall, comprises grit removal, meas- 
urement by large concrete Venturi 
tubes, primary settling, and separate 
sludge digestion. No grit has shown 
up in the grit channels, which are of 
conventional design, but about 2 ft. of 
fine silt has deposited in the Venturi 
tubes. This silt is being sluiced into 
the settling tanks, then moved by sew- 
age ejectors to the digesters, where it 
no doubt will present an interesting 
problem in removal. 

Despite a wonderful grit removal in- 
stallation consisting of serew conveyors, 
elevators, etc., we have not yet had any 
grit—only the fine silt. With this 
problem, we are especially aware that 
it will be increasingly important to 
provide sufficient facilities in our di- 
gesters to remove the accumulated ma- 
terial when necessary. 

Alvin A. Appel, Superintendent, 
Sewer Maintenance Division, Bureau 
of Sanitation, Department of Public 
Works, Los Angeles, Calif.:—At Los 
Angeles we have had few problems as 
far as grit is concerned. However, I 
wonder what effect increased use of 
household garbage grinders will have, 
particularly from the settling of coffee 
grounds, eggshells, etc., in sewers with 
flat grades. 

There is one point that might be of 
interest. We have 31 pumping plants, 
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some with quite large wet wells. Re- 
cently, an operator of an oil refinery 
became careless, permitting crude oil to 
enter the sewer and so get to our 
pumping plant. Crude oil floated 2 
ft. thick on the wet well surface. That 
presented quite a problem for removal. 
Investigation finally turned up a vac- 
uum pump, which is the heart of the 
vacuum unit developed to handle such 
situations. Briefly, the unit consists of 
a tank and a vacuum pump mounted on 
a truck chassis and suitably valved. 
The operator simply has to lower the 
suction hose into the well and open the 
valves. We also have used the unit for 
cleaning out all types of clarifiers 
whose material would be hard to re- 
move in any other manner. 


Operation of Combined Sewers 


Chairman Symons:—The discussion 
so far has been on the effect of com- 
bined sewer operation, because that is 
what grit largely is. Now, however, 
we will take up the cause itself ; that is, 
combined sewer operation. 

Mr. Mick:—By way of introducing 
this subject for discussion, there are 
more than 1,600 mi. of sewers tributary 
to the Minneapolis-St. Paul plant. 
They are practically all combined; al- 
though Minneapolis has constructed 
212 mi. of separate storm sewers since 
the plant started operation, probably 
between 80 and 90 per cent of our 
system is still combined. 

The size of the intercepting sewers 
was based on all future extensions 
being built on a separate plan. The 
designers did not build an interceptor 
system large enough for the two cities 
to continue on a combined system in- 
definitely for all their new areas. 
That’s why they are beginning to build 
some storm sewers now. 

Before the plant could go into oper- 
ation, 52 mi. of interceptors had to be 
built along both banks of the river to 
intercept some 75 old outlets into the 
river along the 20-mi. stretch through 
the Twin Cities. Where those inter- 
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ceptors join with the old outlets they 
are provided with regulators so that 
in times of heavy storm the excess storm 
water overflows directly to the river. 
The interceptor system was designed 
on the basis of taking rainfalls up to 
0.04 in. per hour without overflowing 
to the river. Rainfalls of that intensity 
are only exceeded about 1.7 per cent 
of the time, so that actually slightly 
over 1 per cent of the total sewage 
flow overflows to the river by reason 
of having the combined system. 

Based on our expected conditions, the 
designers allotted 44 per cent of the 
interceptor capacity to storm water, 
only 22 per cent to the domestic sew- 
age alone, another 17 per cent to the 
industrial waste, and 17 per cent to 
infiltration. I believe that industrial 
waste figure is approximately right. 
Figuring on a strength basis, about 25 
to 30 per cent of the plant load is due 
to industrial waste, which would cor- 
respond to somewhere near the 17 per 
cent on a volume basis. 


Infiltration is one matter of interest. 
We've taken several infiltration meas- 
urements on our interceptor system. 
At times during the spring we by-pass 
all of the sewage out of the sewer sys- 
tem so that we can inspect the sewer 


and measure the infiltration. 
to be rather careful here with our 
quantity measurements, because we 
apportion the cost between the two 
cities on the basis of flow volume. In- 
filtration is a matter of concern be- 
cause we correct for that in our meas- 
urements. We do that by placing a 
weir in the main interceptor coming 
into the plant, diverting all the sewage, 
and measuring the ground-water in- 
filtration, which has run between 70,- 
000 and 100,000 g.p.d. per mile of 
sewer. That value sounds high for 
ground-water infiltration, but we do 
not consider it excessive for the size 
of sewer. (It runs up to nearly 14 ft. 
in diameter and it is up to 200 ft. 
beneath the surface of the ground with 
a head of ground water as high as 40 


We have 
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ft. on the crown of the sewer at some 
points.) By walking through the in- 
terceptor at various times, we’ve de- 
termined that most of the infiltration 
enters at the original construction 
joints, although there have been a 
couple of leaks in the sewer itself. In 
1944 we discovered one leak about 6 
mi. above the plant coming through a 
sort of honeycomb section of the con- 
crete in the invert, about 1 ft. thick 
and about 12 in. by 18 in. in section. 
That leak slowly increased, so in 1945 
it amounted to 350 g.p.m. and we de- 
cided it should be repaired. 

Another leak was discovered about 
1.3 mi. above the plant in the spring of 
1950. It’s in the top of the sewer near 
the crown and is only leaking about 
50 g.p.m., but we figure we will have 
to repair that too, probably in another 
year. 

The sewer was inspected for erosion 
of concrete and disintegration; prac- 
tically none has been found in the 13 
years we’ve been using it, except a 
slight wear in the bottom 12 or 18 in. 
of the invert and the two leaks men- 
tioned. 

Deposits in the sewer are always a 
matter of interest. We found a few 
deposits, principally at points of curva- 
ture. On the inside of the curve there 
are deposits of boulders, rags, sand, 
and grit extending for 100 ft. or more 
along the curve, and just below the 
curve, up to a depth of 18 in. We 
cleaned one of those deposits out in 
1946, then went back in there again two 
years later and found it had re-formed 
to the same depth. Inspecting it since 
that time, it does not seem to accumu- 
late to any great extent, and it does not 
seem to interfere with the use of the 
sewer at the present time. There are 
also deposits from some of the St. Paul 
sections which were formerly creeks; 
there are a few old lake beds they also 
drained and naturally a fair amount of 
boulders wash into those connections 
and show up just below them. 

Our sewer and the plant were both 
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designed hydraulically for a flow up to 
615 m.g.d. and will take that quantity. 
Nevertheless, from the standpoint of 
treatment provided and troubles aris- 
ing from grit and sand, we find that we 
ean’t take more than about 1.5 to 1.75 
times our average flow without getting 
into trouble from flushing sand into the 
plant. 

The grit problems involved have al- 
ready been discussed. I might mention 
that we use an alignment chart for 
regulating the grit chamber velocities; 
our operators use that to control the 
grit chamber velocity by lining the 
number of chambers in service against 
the flow of the sewage so that they 
ean determine what the flow velocity 
is. 
We regard combined sewers as a fine 
means of freshening the sewage and 
cleaning out the system, especially dur- 
ing hot weather when the sludge js 
getting a little on the septic side and 
the alkalinity is going way up and 


Anti-Rust Paint 


A new labor-saving anti-rust paint 
that is claimed to be applicable right 
over rust without wire-brushing, scrap- 
ing, or sandblasting has appeared on 
the market. Available in black, alumi- 
num, and clear, the product is known 
as ‘‘Rust-Cure’’ and is said to be suit- 
able for both interior and exterior use 
on old or new metal. Upon application, 
either by brush or spray, it is said to 
penetrate through any existent rust 
layer and effectively seal the surface 
against further rust action. 

The black and aluminum prepara- 
tions are for use solely as a finish coat, 
whereas the clear compound can be 
painted over in any desired color. The 
aluminum is reputed to contain almost 
twice as much aluminum pigment as 
ordinary paints and to give an excep- 
tionally brilliant finish coat. Further 
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making it difficult to filter. Then along 
comes a heavy rain, which freshens 
things up and lowers the alkalinity. 
But there are disadvantages of grit 
problems and overflows to the river 
at the regulators, which have a bad 
habit of becoming plugged with sticks 
and branches and sometimes staying 
open even after the storm is over, so 
that they have to be inspected follow- 
ing each storm. 

Mr. Bubbis:—What safety precau- 
tions do you take in inspecting your 
interceptor sewer? 

Mr. Mick:—The usual safety equip- 
ment is used; that is, the hydrogen 
sulfide and combustion indicators and 
the oxygen deficiency lamp, which are 
used before we enter a sewer. We have 
never found any dangerous atmosphere 
in the sewer system during inspection. 
There is usually a draft, probably 
through the old outlets, which are open 
at the river end where air can still 
enter. 


data are available from the manufac- 
turers, The Monroe Company, Inc., 
10703 Quebee Ave., Cleveland 6, Ohio. 


Plastic Screw Anchor 


Recently announced was a new type 
of screw anchor, which the manufac- 
turer says can be used to secure nails or 
screws in practically any solid material, 
such as stone, brick, plaster, or cinder 
block. It is made of extruded Tenite 
plastic, which cold-flows into crevices 
of the hole to make a firmer grip. The 
device has additional advantages over 
metal anchors because it has unexcelled 
holding power, is corrosion-proof, and 
has exceptionally high impact strength 
according to the maker, Mastercraft 
Plastics Co., Inc., 95-32 150th St., 
Jamaica 4, N. Y. 


; 


SEWAGE AND INDUSTRIAL WASTES 


Short Story 


Scene I—Item in New Yorker, Nov. 
3, 1951, p. 113, as follows: 


Is there a professional friend or associate 
for whom it is always difficult to select 
a suitable nonpersonal ‘Christmas gift? 
Here’s one suggestion that will answer the 
problem for you—give him a copy of the 
20 Year Index to Sewage Works Journal. 
—aAdv. in the Sewage Works Journal. 

It’s as good as done. 


Scene I1—Clipping of the above ar- 
rives mysteriously in the morning mail 
from person or persons anonymous. 
Ye editor refreshes his memory by re- 
ferring to THIs JouRNAL, 22, 11, 1481 
(Nov., 1950). 

Scene I1I—X-ray of envelope shows 
letter to New Yorker reading: 


Gentlemen: 

With reference to the item on page 113 
of the November 3, 1951 number of New 
Yorker, we have not yet received the order 
for your copy of our “Twenty-Year Index.” 
An order form is provided herewith for 
your convenience. Perhaps you may wish 
also to order some of our special publica- 
tions. 

The “plug” given our “Index” is 
greatly appreciated. We are anticipating 
a deluge of orders, as a high percentage of 
New Yorker’s regular readers obviously 
are intensely interested in sewage and its 
various manifestations! 


More from the Froth Fighters 


Several recent communications con- 
tain many thought-provoking ques- 
tions and a few helpful hints on coping 
with detergent frothing problems. Ex- 
cerpts from a few of these letters (the 
correspondents are unidentified by their 
own requests) are as follows: 


‘*What about detergent froth in ac- 
tivated sludge? It previously has been 
a subject of more or less facetious com- 
ment, but there comes a time when it 
can be an unmitigated nuisance. 

‘‘That time is when the ground at 
the aeration tank perimeter becomes 
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supersaturated with ‘foam juice,’ which 
produces putrid odors out of all pro- 
portion to its volume. Has there been 
any serious consideration toward cop- 
ing with this new dilemma in design 
of new plants? Or is such of sufficient 
importance to warrant bothering high- 
priced mental powers? 

‘Our evergreen planting is turning 
up its toes. In an attempt to save the 
planting, by reducing the ground sat- 
uration with detergent froth in the 
area, we have laid underdrains along 
the lee sides of our tanks (Figure 1). 
We also have tried 1/8-in. hardware 
cloth (fastened to the tank guardrails), 
which works fine on still days. How- 
ever, I have measured froth 68 in. 
above the water level and if there is 
any wind at all it takes off over the 
screen. Rain breaks the bubbles, but 
most housewives want to do their 
washing—with detergents—when the 
weather is sunny !’’ 

confirmed our observations 
that higher concentrations of suspended 
solids in the aeration tank mixed liquor 
appeared to diminish the amounts of 
detergent froth. So, we are carrying 
about 3,000 p.p.m. suspended solids in 
the mixed liquor, with no detergent 
froth being noticeable. We have plenty 
of air, so the possible increase in air 
requirements can be very easily satis- 
fied, if necessary.”’ 


FIGURE 1.—Gravel-covered tile along 
lee edge of aeration tanks drains off foam 
spill condition that had been killing ever- 
green plantings. 
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Any other interesting experiences 
with aeration tank frothing—by deter- 
gents or otherwise? Send them along 
to ‘‘The Corner’’ and share them with 
other members of the ‘‘Bubble Bri- 
gade!”’ 


Stainless Steel Stops Corrosion in 
Filter Screen 


A Type 317 Armeo stainless steel 
filter screen has been in use at the 
Baltimore, Md., sewage treatment plant 
over 12,000 hr. with no sign of cor- 
rosive damage. This service amounts 
to more than 17 months of continuous 
operation. Normal operating life of 
the bronze screen formerly used was 
4,500 hr. maximum. 

The stainless steel screen is 5 by 5 
mesh made from 0.054-in. diameter 
wire woven to an 0.080-in. thick screen 
by the Cambridge Metal Cloth Com- 
pany. It is fastened to the filter with 
0.081-in. diameter Type 317 wire held 
in place with 18-8 stainless staples. 

When the screen was last inspected it 
was found covered with a red rust, 
which was reported to have been de- 
posited by the sludge filtrate. The de- 
posit was easily removed with a dry 
cloth. Examination at 4-diameter 
magnification revealed a bright surface 
free of pits or crevice corrosion. Ac- 
cording to the superintendent and the 
steel company representative, the screen 
was in excellent condition and should 
give more years of useful service. 
(Note: Type 317 stainless steel may not 
be used today for this purpose—by 
order of NPA.) 


New Burette Unit 


A new burette unit, featuring a 
polyethylene plastic reservoir requiring 
only a squeeze to fill an automatic self- 
leveling burette, has been announced 
by Hagan Corporation, Pittsburgh, Pa. 
Known as the ‘‘Squeez-O-Matie,’’ it is 


TIPS AND QUIPS 


FIGURE 2.—New “Squeez-O-Matic” 
burette unit features plastic bottle. 


said to be easy and simple to use, a time- 
saver, and requires only one hand, in 
contrast with older automatic burette 
assemblies, which required both hands 
for operation. A patent is pending for 
the device (Figure 2). 

Use of a plastic reservoir, a specially- 
machined polyethylene bottle, not only 
makes operation of the burette unit 
easier and simpler, but also provides 
a container that is highly resistant to 
chemical attack and will not contami- 
nate standard titrating solutions. The 
unit is held in a special plastic base 
that provides a convenient and stable 
platform for the titration receptacle. 

The new burette units are available 
in 25-ml. and 10-ml. sizes, graduated to 
0.1 ml. 
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Reviews and Abstracts* 


Kentucky Sewage Treatment Plants Re- 
flect Progressive National Design 
Trends. By J. SrepHen WarkINs. 
Civil Eng., 21, 7, 34 (July, 1951). 

This condensation of a longer paper sum- 
marizes treatment practices. The tend- 
ency is to trickling filters, about one-third 
being high-rate, because of their ability to 
handle wastes with rapidly varying charac- 
teristics. In sludge digestion, external 
heat exchangers, closely spaced sampling 
outlets, and dead air space in the walls to 
provide insulation are common practice. 
Pre-aeration and chemical precipitation are 
emphasized for primary treatment units. 


W. A. HASFURTHER 


Composting. 
1951). 
This is a report of the discussions of a 

paper by the same name, which appeared 

in The Surveyor for June 16, 1951. 

It was suggested that it might be pos- 
sible to devise a semi-continuous mixing 
process at a combined sewage and refuse 
collecting station, using a concrete mixer. 
The method had not been tried, to the 
speaker’s knowledge, and there might be 
reasons why it would not be satisfactory. 

One discusser was concerned about the 
absence of brandling worms in the com- 
posting plants he had visited. It was 
recommended that after the thermophilic 
stage the compost should be turned out 
onto bare earth, surrounded by walls of 
some organic material, such as baled straw. 
If the worms did not appear of their own 
accord, they should be introduced. 

In reply to questions asked in the dis- 
cussion, the author stated that composting 
chambers are essential for the inclusion of 
sewage sludge in the compost. Paper is 
not a desirable component of the compost; 


Surveyor, 110, 443 (July 14, 


it is preferable to collect it separately. No 
attempt can be made to control the quan- 
tities of trace elements in the compost, and 
it is known that excesses are toxic to 
plants. It may be argued that the trace 
elements in compost are probably in the 
right proportion, as they are contributed 
by the plants which had originally absorbed 
them. Compost had been found to con- 
tain all of the 21 elements necessary, with 
the exception of tungsten. 
M. C. Ranp 


Agricultural Use of Sewage Sludge. By 
GeorcGeE E. Knicutr. Surveyor, 110, 460 
(July 21, 1951). 

In some rural areas, where provision ex- 
ists for treatment of sewage sludge so that 
it can be offered to local farmers in dry 
form, sludge can be disposed of without 
cost. In other areas, however, farmers 
will not accept sludge. In such areas, 
straw-sludge composts may be more 
acceptable. 

A proportion of one and one-half parts 
of sludge (dry basis) to one part of straw 
is satisfactory. Below this figure, the 
decomposition may not be sufficiently 
rapid, and the product may later immo- 
bilize soil nitrogen; above it, the sludge 
may tend to seal the compost heap and 
prevent access of air. 

It is an advantage to place occasional 
lines of land tiles under the heaps to allow 
aeration. The lowest layer of straw is 
about 15 in. thick. Sludge is then spread 
over the straw, and the layers are thor- 
oughly soaked with water. Further layers 
of straw and sludge are added, soaking 
each pair of layers after addition of the 
sludge, until a height of 6 ft. is reached. 

It is probably better to allow at least 
six months’ decomposition before using 
the composts in the field. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 


which might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health de- 


partments, stream pollution control agencies, research organizations, and educational institu- 
tions are particularly desired. Address such material: Federation of Sewage and Industrial 
Wastes Assns., 325 Illinois Bldg., Champaign, I!!. 
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There seems to be no reason why con- 
siderable quantities of straw-sludge ma- 
nure should not be made where condi- 
tions allow. 

Such compost is deficient in potash, but 
this can be supplied in the form of fertilizer. 


M. C. Ranp 


Cleaning of Porous Air Diffusers. Sur- 
veyor, 110, 253 (Apr. 27, 1951). 


This article is a report of the discussions 
of a paper by the same name which ap- 
peared in the Jan. 26 issue of The Surveyor. 
The authors, in introducing the paper, 
pointed out that the method was not really 
new, similar methods having been pro- 
posed by others as early as 1933. Their 
contribution was, therefore, to develop the 
details of a practical method for use on a 
large scale. 

The fundamental problem is the pre- 
vention of plate clogging, the solution of 
which would make plate cleaning unneces- 
sary. The use of formaldehyde gas seems 
to require large quantities for effective 
results. 

It had been observed that high humidity 
caused increased back pressure. Setter 
had suggested that on rare occasions water 
may condense within the diffusers, causing 
such an increase. The authors of this 
paper believe that such occasions may be 
far from rare. When the air is compressed, 
then cooled by passing through the distri- 
bution system, condensation may occur, 
even when the original humidity of the 
uncompressed air is considerably below the 
dew point. 

The first discusser pointed out that the 
total back pressure is affected by various 
interrelated factors, which seem to vary 
in importance from one works to another. 
He also stated that the total losses of tiles 
in cleaning by firing might run as high as 
25 per cent, rather than the 8 to 10 per 
cent mentioned by the authors. It was 
questioned whether the forcing of solids 
into the diffusers when the air supply 
ceased was proven to be an important 
cause of clogging. It was noted that the 
authors’ findings of long rinsing being 
needed to remove the caustic soda from 
the tiles were in good agreement with the 
theoretical time for its removal by simple 
diffusion. 


REVIEWS AND ABSTRACTS 


Others brought out that although the 
authors stated that the chemical cleaning 
method almost completely restored the 
permeability of the plates, the effective life 
of the plates after cleaning is also of impor- 
tance in evaluating the cleaning procedure. 
The difference in life of plates at various 
plants is due to a number of causes. For 
instance, it is to be expected that plates 
used in reaeration of sludge would clog 
more quickly than those used in complete 
activated sludge treatment. 

M. C. 


Cleaning of Porous Air Diffusers. Sur- 
veyor, 110, 267 (May 5, 1951). 


In this continuation of the discussion of 
the paper by the same name which ap- 
peared in the Jan. 26 issue of The Surveyor, 
it was brought out that there are grave dis- 
advantages in spasmodic or haphazard 
cleaning of diffusers. The air pressure 
required depends upon the worst section of 
the plant; occasionally, attention to a 
small part of the plant may considerably 
reduce the pressure required in the whole 
system. 

Some doubt was expressed whether all 
the rust, oil, dirt, and particularly scale, 
inside the trays could be completely re- 
moved by chemical action alone. 

At Birmingham, acid is used before 
alkali for cleaning of diffusers, the reverse 
of the procedure presented by the authors. 
Too much stress is placed on pressure at the 
compressor as an indication of blocking of 
plates. Dissolved oxygen in the tanks is 
a better guide. 

In the experience of one of the discussers, 
injection of gas, gasoline, or chemicals into 
the air supply does not adequately clean 
the blocked pores of diffusers. Another 
said that oil carried over from the com- 
pressors should be added to the list of fac- 
tors causing clogging. 

In their reply to the discussion, the 
authors stated that acid treatment could 
not be recommended in cases where the 
acid would contact zinc. There was no 
evidence that the caustic soda weakened the 
tiles. Fired plates usually give good service 
up to one year after firing. After two 
years’ use, chemically cleaned plates were 
giving uniform and satisfactory service. 


M. C. Rann 
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Book Reviews 


Handbook of Sewage Disposal (Taschen- 
buch der Stadtentwasserung). By Karu 
ImHorr. Fourteenth Edition. 308 
pages, 86 figures. R. Oldenbourg, 
Munich, Germany (1951). 

This renowned ‘pocket book,” unique 
for its compactness, directness, and sim- 
plicity, is larger and better than ever in 
the new edition. As in the earlier 
editions, the arts of municipal drainage, 
wastes treatment, and water pollution 
analysis are reduced to elementary arith- 
metical terms through the ingenious use 
of charts and diagrams. Numerous ex- 
amples are given to illustrate the 
calculations. 

The book is thoroughly documented by 
600 references to the German, American, 
and British literature. It affords, there- 
fore, a remarkable cross-section of inter- 
national practice. 

Part I of the book includes three 
chapters on municipal drainage. Except 
for a new section on standards of materials 
and design practice in Chapter I, this 
part is relatively unchanged from recent 
editions. 

Part II comprises five chapters dealing 
with the treatment and disposal of sewage 
and industrial wastes. New coverage is 
given here on aeration, sludge disposal, 
and on permissible stream loading with 
sewage effluents. The sections on ac- 
tivated sludge treatment and on industrial 
wastes have been completely rewritten 
and expanded. American experience is 
drawn upon heavily in the latter revisions. 

The two chapters concerned with the 
admission of sewage effluents into streams 
and with self-purification of streams are 
especially well-handled for practical ap- 
plication. In fact, the entire book is 
noteworthy for its practicality, although 
(as the author cautions) it must be applied 
with sound judgment. 

The English-written counterpart of the 
Taschenbuch is the book ‘‘Sewage Treat- 
ment,” by Imhoff and Fair, John Wiley 
and Sons, Inc., New York and London 
(1940), which is closely related to Part 


II of the 8th edition of the German work. 
Those who read German will find the 
Taschenbuch highly interesting and useful. 
It is more than an authoritative manual 
founded on Dr. Imhoff’s long and diver- 
sified experience. The opportunity here 
to follow his deductive reasoning and 
common-sense logic is both fascinating and 
stimulating. W. H. WisELy 


Data Book for Civil Engineers—Volume 
I, Design. Second Edition, 1951. 491 
pp. Price, $10.00. Volume II, Specifi- 
cations and Costs. Second Edition, 
1951. 506 pp. Price, $13.00. John 
Wiley and Sons, Inc., New York, N. Y. 
These completely revised second edi- 

tions of the first two volumes of a three- 
volume series provide a concentrated 
collection of the type of data so necessary 
to day-to-day solution of the innumerable 
problems arising in civil engineering work. 
Laid out in easy-to-find and easy-to-read 
fashion, the two volumes are designed to 
provide the specialist with the basic 
information needed in dealing with activ- 
ities associated with or bordering on his 
own field of work. 

Volume I is laid out field by field to 
give the data necessary to design, place 
under contract, and construct all types 
of civil engineering structures. Modern 
codes, practices, and designs are empha- 
sized. Sections on drainage, sewerage, 
sewage treatment, industrial wastes, 
and waste disposal present in capsule form 
most of the basic knowledge in these fields. 

Volume II, also classified by major 
fields of civil engineering activity, provides 
data necessary to prepare specifications for 
the many types of work involved. Of 
considerable interest is the 80-page section 
on costs, including relative cost analyses 
for each type of work. A_ classified 
glossary of terms completes the data 
section of the book. Separate classified 
indexes for specifications, costs, and the 
glossary greatly improve the usability of 
the volume. H. P. ORLAND 
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“wg )D NEIGHBOR POLICY AT WORK 


San Francisco can justly be proud of its recently completed 

7M orth Point Sludge Treatment Plant. Adjacent to a residential 
che “good neighbor” policy was applied here. Every means 
has been taken to make this campus-like plant a “good neighbor”... . 


For example, ten P.F.T. Floating Cover Digesters, each 100’ dia., serv- 
ed by eight No. 1500 P.F.T. sludge gas fired Digester Heaters and Heat 
Exchangers, provide safe, efficient Controlled Digestion. This in- 
cludes volatile acids and ammonia nitrogen control. P.F.T. Pressure 
Gauges and a full complement of P.F.T. Gas Safety Equipment insure 
plant safety. Also significant is the 55’6” dia. P.F.T. spiraily guided gas 
controlled holder lift. 


Primary settling tanks are housed in “neighborly” buildings. 


This sludge processing plant with a 2,451,000 cu. ft. capacity handles 
sludge from the North Point Sewage Treatment Plant over six miles 
distant, as well as sludge from the Southeast Treatment Works close 
by — serving a total population of 1,169,000. North Point’s sludge 
combined with digested sludge from the Richmond-Sunset Treatment 
Plant, is vacuum filtered and heat dried for use as fertilizer. The 
Engineering Offices of Clyde C. Kennedy, San Francisco, were con- 
sulting engineers. 


PACIFIC FLUSH TANK CO. 


Waste Treatment Equipment Exclusively Since 1893 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
NEW YORK @ LOS ANGELES @ SAN CHARLOTTE, C. © JACKSONVILLE © DENVER 
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SEWAGE AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


MISSOURI WATER 
AND SEWERAGE 
CONFERENCE 
The 1951 Annual Meeting of the Mis- 
souri Water and Sewerage Conference 
was held at the Robidoux Hotel, St. 
Joseph, Mo., September 30-—October 2, 
1951, in conjunction with the Mis- 
souri Section, American Water Works 
Association. After a pre-convention 
discussion forum on September 30, the 
group saw a motion picture on ‘‘ Flood 
Conditions,’’ prepared by the St. Louis 
County Water Company during the 
flood of July, 1951. 
Papers presented at joint meetings 
of the two groups on the mornings of 
October 1 and 2 included: 


‘*Procurement of Materials,’’ by R. 
J. Faust, executive assistant secretary, 


AWWA. 


‘‘The Keystone is the Foreman,’’ by 
Stephen C. Casteel, assistant manager, 
East St. Louis and Interurban Water 
Co., East St. Louis, II. 

‘*Protective Coatings for Metal Sur- 
faces in Water and Sewage Plants,’’ 
by H. J. Benjes, Black & Veatch, 
Kansas City, Mo. 

‘*A Practical and Possible Civil De- 
fense Program for Water and Sewage 
Plants,’’ by Ralph Hammond, director 
of Civil Defense, State of Missouri. 

‘““The Effect of Atomic Warfare on 
Water and Sewage Plants,’’ by C. P. 
Straub, U.S.P.H.S., Oak Ridge, Tenn. 

‘*Floods and a Disaster Plan,’’ by 
Melvin P. Hatcher, director, Water De- 
partment, Kansas City, Mo. 


At the afternoon Sewage Section ses- 


(Continued on page 158a) 


SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized”’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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SEWAGE AND INDUSTRIAL WASTES 


Baltimore’s Battle Monument to her heroic dead in the War of 1812, as it looked 100 years ago. 


Baitimore, Maryland has cast iron 

water and gas mains in service that were 
installed more than a century ago. 

In addition, there are more than 28 other 
cast iron water or gas mains with known 
records of continuous service for 

more than 100 years in the older cities 

of the United States and Canada. 

Such service records prove that cast iron 
pipe not only resists corrosion effectively, 


but is endowed with all , 


the strength factors that pipe 

laid under city streets must have 

to meet the stresses imposed by modern 
conditions of traffic and 

underground services. United States Pipe 
and Foundry Co., General Offices, 
Burlington, N. J. Plants and 

Sales Offices Throughout the U.S. A. 


cast iron 
PIPE 


NUMBER TWO OF A SERIES 
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sion on October 1, the following papers 
were given: 

‘*Basie Concepts of Stream Pollu- 
tion,’’ by C. R. Scott, Black & Veatch, 
Kansas City, Mo. 

‘Some Problems of B.O.D. Determ- 
ination and Interpretation,’’ by C. C. 
Ruchhoft, M. B. Ettinger, and W. A 
Moore, U.S.P.H.S., Cincinnati, Ohio. 

‘‘High-Rate Oxidation Treatment of 
Sewage,’’ by A. A. Kalinske and H. W. 
Gillard, Infileo, Tucson, Ariz. 

The session closed with a demonstration 
of sewer cleaning by Alden Smith, 
Smith and Loveless, Kansas City, Mo. 

At another separate Sewage Section 
session on the afternoon of October 2, 
the following papers were presented : 


‘‘Sewer Revenues,’’ by W. G. Riddle, 
Burns and McDonnell Engineering Co., 
Kansas City, Mo. 

‘‘The Sedimentation Problem,’’ by 
E. C. Cardwell, The Dorr Co., Chicago, 
Til. 


SEWAGE AND INDUSTRIAL WASTES 


‘‘Round Table of Operators’ Prob- 
lems,’’ by a panel comprising S. C. 
Smith, superintendent of sewage works, 
Joplin; J. F. Schondelmeyer, city engi- 
neer, Sedalia; and M. J. Van Daventer, 
consulting engineer, St. Louis. 


At the Annual Luncheon and Busi- 
ness Meeting, held on October 1, F. M. 
Veatch was nominated to receive the 
Federation’s Arthur Sidney Bedell 
award. 

Officers elected to serve during 1951- 
52 were: 


Chairman: R. F. Bishop, Booneville. 

Vice-Chairman: W. B. Schworm, 
Chesterfield. 

FSIWA Director: L. J. 
Springfield. 

Secretary-Treasurer: W. 
Jefferson City. 


Lukrofka, 


A. Kramer, 


WarRREN A. KRAMER, 
Secretary-Treasurer 


BRINGS AT LEAST 
95% EFFECTIVENESS 
TO WATER MAINS 


ACE-SYSTEM removes chemical and solidified 
deposits, tuburculations and algoe from water 
mains. Firefighting operations improve and lower 
underwriters fire insurance rates are obtained 
through effective pipe cleaning. Rehabilitate the 
old pipe before adding extensions. 


WRITE FOR FREE LITERATURE 


HOME OFFICE 


ACE DOES THE JOB EFFECTIVELY— 


QUICKLY 


Your first requirement for proper sanitation is 


System 


proper sewer cleaning. Fast service, modern 
quipment, str lined methods make ACE your 
best bet for proper sewer cleaning. Skilled crews, 


constant supervision gets the job done . . . when 
you want it; the way you want it. Ask to see our 
21-minute newsreel movie of the Kansas City 
flood. No cost or obligation. 


Write, Wire, Call Collect for Free Estimates. 
No Obligation. 


PIPE CLEANING CONTRACTORS, INC. 
Sewer & Water Pipe Specialists 


2003 Indiana _—‘Kansas City, Mo. 
PHONE CHestnut 2891 


Offices in Principal Cities 
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SEWAGE AND INDUSTRIAL WASTES 


and you will get the best type 
particular problem whether 
garbage, sewage sludge, institutional : 
organic matter . . . separate in 
combination. 


® For Garbage and Rubbish +e 3 
(1) Cell and Hearth 

(2) Circular Hearth and 
Mechanically Stoked 

© For Sewage Sludge Drying and/ or 
Burning 


(3) Multiple Zone Furnace—Mechan: 
ically Stoked 


6 ee Garbage, Rubbish and Sewage 
ud 
(4) —_— Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 
@ For Garbage and Trash (Individual 
Buildings) 
(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 


under the supervision of our own field Mec 

men who stay with it until the unit is king,” 
in operation, fully broken in and crews a indusyen’ "Ubbish 
instructed. wen 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representatives in Principal Cities 


IN 
Select from this list of five 2 
/ Site 
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is ready 

to meet 

your every 
requirement... 


1OWA Motor Oper- 
ated Gate Valve... 
Sewage plant influent 


IOWA’S complete 


line of gate valves, check 


valves, flap valves, shear gates, mud 
valves and sluice gates is specially designed 
for severe and particular operating 
conditions in sewage disposal 


plants, sewage pumping stations or 


1OWA Manually Oper- 
Sluice Gate... 
~ Settling bosin drain is required. Let us help you solve 


your problems. Specify IOWA products 
and get the best. 


201-299 N. Talman Ave., Chicago 80, Ill. * 4 Subsidiary of James B. Clow & Sons 


wherever sewage flow control 
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TO wa 
GAS BURNEP 


PLOT SUPPLY TO 


WASTE GAS 


GAS EQUIPMENT 
SPECIFICATIONS 
PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 
FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 


+ FLAME CHECK 


“VAREC” Fig. No. 52A 


. EXPLOSION RELIEF VALVES 


“VAREC” Fig. No. 70-1 


WASTE GAS BURNER 
“VAREC” Fig. No. 236 


. DRIP TRAPS 


“VAREC” Fig. No. 245 
(automatic ) 

“VAREC” Fig. No. 248 
(hand operated) 


_MANOMETER: 


Ss 
“VAREC” Fig. No. 216A 


PROVED APpy 
° 


TRAPS AT ALL LOW 


GAS PIPING SCHEMATIC 


SAFETY and GAS CONTROL 


SUPPLY 
EQUIPMENT 
Gas SUPPLY 


FROM DIGESTERS TROL LUNES, 
REGULATOR CONTA 


POINTS. FIGS 245 OR 


248 TRAPS 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. S. A. 


Address: VAREC COMPTON USA Codes) 
* Boston * Pittsburgh * Chicage * * St. Levis * Heusten 
Tulse * Cosper, Wyo. * Prove, Utah * Les Angeles * San Francisce * Seattle 


A abel, f thorized Sewace 


rom 9 pment 
egents throughout United States and Canada 
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SEWAGE 
INDUSTRIAL WASTES 


SLUDGE 


IRRIGATION WATER 
“s Ask For Bulletin 62 


MU23 


BAILEY METER COMPANY 


1066 IVANHOE ROAD + CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES » DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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combines refuse incineration and sludge disposal 


A large part of the heat requirements at the new sludge GE Reymond _ Dryer Systems 
drying plant at Fond du Lac, Wisconsin will be provided “— neheairesninccdticus 
by a refuse incinerator. This combination arrangement is BALTIMORE, Md. = SAN FRANCISCO, Calif. 
typical of the trend in smaller installations and effects BETHLEHEM, Penna. SCHENECTADY, N. Y. 
considerable fuel savings. BLOOMSBURG, Penna. SHEBOYGAN, Wis. 
Fond du Lac Plant, which went into operation in Sep- 
tember of 1951 will serve an equivalent population of 
75,500. It is equipped with a C-E Raymond Flash Dryer (W Southwest) ° 
Unit designed to handle 1514 tons of filter cake per day, WYOMISSING VALLEY, 
with an evaporation rate of 2,600 pounds per hour. Al- HOUSTON, Texas Penna. 
though the plant is located a short distance from a public LANSING, Michigon COLNE VALLEY, 
park, the use of high temperature deodorization has com- LOS ANGELES, Calif. England 
pletely eliminated objectionable odors. SAN DIEGO, Colif. RECIFE, Brazil 
The C-E installation at Fond du Lac is typical of C-E 
Raymond Systems now in service in virtually all parts of 
the country, meeting the varying requirements of both FOND DU LAC, Wis. 
large and small communities. They are flexible in layout, 
highly efficient and thoroughly reliable; they provide for 
maximum utilization of waste heat. 
The services of C-E specialists are available to assist 
you in finding the best solution to your sludge problem. 
Get in touch with the C-E office nearest to you for prompt 
attention. B-552A 


COMBUSTION ENGINEERING — SUPERHEATER, INC. 
1315 North Branch Street FLASH DRYER DIVISION Chicago 22, Illinois 
Western Office: 560 W. Sixth, Los Angeles 14, Colif. Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
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Another advance 


in Industrial 
| Waste Disposal! 


LIQUIDS 
t 


t 
t 
t 


AUTOMATIC 


CONTROL 
for 


Proportioning of Treating Chemicals 


Feeding of treating chemicals at rates 
proportionate to flow can now be done 
automatically — with total elimination of 
time-consuming, periodic adjustment of 
feeders and pumps. In addition, the pro- 
portioning of chemicals is far more ac- 
curate, which means a more uniform, 
satisfactory effluent and a definite saving 
in cost of chemicals. 


The instrument control system is prop- 
erly engineered for individual plant con- 
ditions. Its design depends upon the 
quantity, corrosive quality, and viscosity 
of the activated silica, carbon dioxide, 
soda ash, lime, or other chemicals em- 
ployed . . . also upon the amount of 
chemicals to be stored and the type of 
plant operation. 


Virtually any set of conditions can be 
met with one or another of the following 
instrument control methods offered by 
Foxboro: 


1. ratio flow control with pneumatic control 
valves for liquid chemicals or gases. 

2. control of motor operation on dry feeders 
or on proportioning pumps by “pulse-time” 
control, 

3. motor speed control on dry feeders or 
proportioning pumps through electronic con- 
trol of power input. 

One of these methods may bring sub- 
stantial new economies to the operation 
of your waste disposal system. For en- 
gineering recommendations, write us the 
details of your problem, The Foxboro Com- 
pany, 1624 Neponset Ave., Foxboro, Mass. 


DING * CONTRO 
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in the southwest (Phoenix) selected Jeffrey FLOCTROLS for the mixing basins 
— Jeffrey Sludge Collectors for the settling basins. Successful operation for 
several years has proved this a wise choice. 


Other Jeffrey equipment installed in this plant includes: Grit Collectors; 
Rapid Mixers; Chemical Handling Machinery such as Spiral Conveyors and 
Bucket Elevators. 


Jeffrey also makes: Back-cleaned Screens, Grit Washers, Scum Removers, 
Garbage and Screenings Grinders, Chemical Feeders, Chains, etc. 


CATALOG No. 833 TELLS ALL 


MANUFACTURING COMPANY tstabiishea 1877 
902 North Fourth St., Columbus 16, Ohio 
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One of the largest (handling 30 million gallons per day) water works plants o> “S 
Baltimore 2 Boston 16 Cincinnati 2 13 Heuston 2 Mew York 7 St. Lovis 1 
Beckley, W. Ve. Svffale 2 Cleveland 15 Forty Fort, Pa. Jecksonville 2 Philadelphia Salt Lake City 1 
Sirmingham 3 Chicage 1 Denver 2 Ky. Milwoukee 2 Pittsburgh 22 — 
Jeffrey Mtg. Co. Lid., Mentree!, Conedo The Galion Iron Works & Mig. Ce., Gelion and Bucyrus, Ohie 
British Jetfrey-Diamond Lid., Wakefield, England Galion (Great Britain Lid.), Wakefield, Englond 
Jottrey-Golion (Pty.) Lid., Johannesburg, $. A. The Ohio Malleable Iron Co., Columbus, Ohio 
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DIRECTORY OF ENGINEERS 


(Continued through page 171a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 

TE PROBLEMS 
AIRFIELDS. REFUSE 
INDUSTRIAL BUILDING 
CITY PLANNING ALUATIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charlies B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewa, 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineere— Airport Dreposal 
Systems— Water Works 0 Surveys 
and ~y Planning— Highway —Construc- 
tion Surseye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinols 


W.H. & L. D. BETZ 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa 


CLINTON L. Ivan L. Besser 

J. M. M. Greie Rospest A. LINCOLN 

DonaLp M. Ditmars ARTHUR P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Drainage Flood Control 


624 Madison Ave, New York 32, N. Y¥. 


BLACK & VEATCH 
Consulting Engineers 


- WATER 


ELEcTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway 


Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Dis — Analyses 
Municipal —Industrial Projects 
Valuations— Reporte— Designs 


110 William Street New York 7, N. Y. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


Take advantage of the services of these outstanding consultants! 
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BROWN AND BLAUVELT 
Consulting Engineers 
Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problems Railroads 


46 Cedar Street, New York 5, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(PORMERLY NICHOLAS S. HILL ASSOCIATES) 


i 
Water + « Water Purification, 
Valuations and Reports 
Chemica and Biological Laboratories 
112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports unicipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7068 1404 E. 9th St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Works and Water Treatment 
Sewerage and Sewage tment 
Municipal and Industrial Wastes 
Investigations and Reports 
ign and Supervision 


CAPITOL ENGINEERING CORPORATION 
Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—-Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal Industrial 
Commercial 


220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 
Jed. Ca 3 and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 


¥ 
Research and Development 
Flood Control 
6 Beacon St. Boston 8, Mass. ia 
> 
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FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Planta 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads High 
Grade Se rations—Bridgee—Subweys 

Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North woe Drive Chicago 6 
605 Colorado Bldg. Washington 5 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


FAY, corre & THORNDIKE 
NGINEERS 
CHABLES M. W. Horne 
JOHN AYER L. HYLAnD 
Bion A. BOWMAN FRANK L. LINCOLN 
CARROLL A. FARWELL Howarp J. WILLIAMS 
Water pays | and Distribution—Drainage 
Sewerage an Sewage Treat Treatment—Airports 


Investigations and and Reports Design 
Supervision of Construction Valuations 
Boston New York 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


EDWARD A. FULTON 
Censulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construct on—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; ams an 
Flood Control 


3208 Brows Read Saint Louis 14, Misseeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 

Water Works—Sewage 
Industrial Waste & Garbage ‘Dtspeea! 
Roads—Airporte—Briages & 
Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pittsburgh, Pa. 


Don’t be seventh... 


to send in your professional card for 
listing in The DIRECTORY OF 
ENGINEERS. There are just six 
more available spaces remaining for 
card listing among these outstanding 
specialists. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washingto 
Houston READING, PA. Philadelphia ‘nd 


GLACE AND GLACE 


Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Constangtion. and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


CONSULTING ENGINEERS 


If you specialize in sewage and industrial 
waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


Take advantage of the services of these outstanding consultants! 


" 
= 
~ 
ij 
3 
a 
Us 


SEWAGE AND INDUSTRIAL WASTES 


169a 


GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen (1920-1944 
Paul E 
Mt Samuel M. Clarke 


Water Purification 


Sewerage 


‘wage Treatment 


Flood Cont , Drainage, Refuse Disposal 


320 8. State Street, Chicago 4 


HAVENS AND EMERSON 


W. L. Havens Cc. A. Emerson 
‘ A. Burger F.C. Tolles F. W. Jones 
. L. Leach H. H. Moseley J. W. Avery 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Leader Bldg. Woolworth Bldg. 
Cleveland 14, 0. New York 7, N. Y. 


Consulti 
Joun L. 


HAYDEN, HARDING & BUCHANAN 


ng Engineers 
Joun H. 
Caria 


810 Park Square Building, Boston, Mass. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 

Management 
Reports and Valuations 
2314 Girard Trust Co. Bidg., Phila. 2, Pa. 


HAZEN AND SAWYER 
ENGINEERS 


Ricaarp Hazen 


Aurrep W. Sawver 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
truction Operation 
New York 17, N. Y. 


Supervision of Constru 


110 Bast 42nd Street 


C.W.Durham H.H.Henningson W. A. Richardson 
HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 


Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Leg, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 30 Lincoln Building 
Menominee, Michigan Minneapolis 1, Minnesota 


W. W. Horners 
H. SHrrein 


Shell Building, 3, Missouri 


HORNER & SHIFRIN 
Consulting Engineers 


BE. B. Bross 

Vv. C. 
Engineering — 
Treatment — 


ROBERT M. JOHNSTON 
AND ASSOCIATES © 


Consulting Chemists — Bacteriologists 


JONES, HENRY & SCHOONMAKER 


(Formerly Jones 


Consulting Sanitary Engineers 


& Henry) 


Analyses— Water, Sewage, Industrial Waste 
Litigations 


Research 


504 N. Second St. 


Harrisburg, Pa. 


Water Works 
werage & Treatment 
Waste Disposal 


Security Bidg Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Re Des 
Supe ion of = 
Operation 


Sewera, Sewage Treatment and 
Industrial aste Dis 1 


pora 


Since 1906 
Water Supply and Purification, Se and 
tment, Garbage sad 
i Incineration, Industrial 
Buildings. 
TROY, N. Y. FT. LAUDERDALE, FLA 


Chemical and Biological Laboratory 
604 MISSION 8T., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 


* 
bi. 
Osc 
Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 
rainage 
D 
ydraulic 
: 
A 
: 


SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1318 Park Bidg. Pittsburgh Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Your firm should be 

listed here 
. .. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 
Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

62 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 
Dams, Water Works, Sewerage 

B Tunnels 


Airports, 
Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 


Power Developments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie, Ernest W. Whitlock, G.G. Werner, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 


ei, 


Analytical Laboratories 
1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineezs and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Reports 


Water Works Systems, Filtration 
Plants, Reservoirs and Dams, 


Take advantage of the services of these outstanding consultants! 
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Sani and 
Storm Sewers, Sewage Treatment 
Refuse Disposal, Airports. 
426 Cooper Bidg. Denver 3, Colorado 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 


Industrial — Electrical 
Rate Investigations 


408 Olive St., 


St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fia. 


SMITH and GILLESPIE 


Consulting Engineers 


STANLEY ENGINEERING COMPANY 


Sew 
Drainage—Flood Control 
Blectric Power—Airports 


Hershey 


Building 
Muscatine, Ia. 


WERTZ ENGINEERING CO., Inc. 


CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & 


441 North 2nd St. 


Bact. Laboratory Service 
Reading, Pa. 


Water Supply, Water Purification, 
Control 
and Industrial 
reatment 
Stream Studies 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage y= Municipal and In- 


dustrial Dev: 


Water Supply, 


tt Problems, 
Water Purification, Water Front Improvements, 
Designs, Supervision, 


Investigations, 


89 Broad Street, Boston, Mass. 


Reports, 
Valuations 


Engineers—Consultants 


Mach ical—Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baitimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 
pective clients will expect to find your card in the Directory of Engineers 
contained in the... 


Official Professional Journal of the Sewage and 
Industrial Wastes Field! 


All types of te 
Manicipal Public Works & 
‘ P. O. Box 1048, Jacksonville, Fia. ea 
ALDEN E. STILSON & ASSOCIATES 
Limited 
Water Supply—Sewerage—Waste Disposal “en 
Mechanical Structural Pr 
Burveys Reports Appraisals 
WESTON & SAMPSON 
Consulting Engineers 
Laboratory 
WHITMAN, REQUARDT & ASSOCIATES 
Civil—Sanitary—Structural : 
j 
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New! 
Revolutionary! 


@ Operates at any angle of 
circle without moving ma- 
chine. Adjust platform only. 


@ Installs in a fraction of 
the time of ordinary jacks. 
No holes to chisel in bricks. 


Hangs in manholes 
too narrow for pres- 
ent jacks. 


© No rebuilding of 


manholes necessary. 

Operates in “loose LESS SNI 
brick” manholes. NO BIN 
@ Less snub on roller elimi- 


nates cable bind. Bucket 
passes easier. 


PATENTS APPLIED FOR 


SEWER-ROD EQUIPMENT CO. 
9033 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. 3. 29 Cerdan Avenue — Roslindale 31, Mass. 

P.0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Minn. 

1115 Delaware Ave.— Fort Pierce, Fla. 3786 Durango St.— Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, ill. 4455 S.E. 24th Street — Portiand, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. Francis Hankin — Montreal & Toronto, Can. 
351 West Jefferson Bivd. — Dallas, Texas 


“AMERICA’S LARGEST MANUFACTURER 
| PIPE CLEANING TOOLS AND EQUIPMEN 
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PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journal. When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 
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Cole, Chas. W., & Son 
Consoer, Townsend & Associates & Macdonald 
Gree 
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a of an existing sewage plant, needed to 
meet the demands of inereased population and industria! 
growth, may necessarily be delayed by current material 
shortages and building restrictions. In such a case, W&T 
Chiorinators can temporarily help carry the load by improv- 
ing the efficiency of your present plant. 

For example, overall plant efficiency can be increased 
when chlorine is applied ahead of and in the plant. Pre- 
chlorination ensures fresh sewage, giving better sedimenta- 
tion. Plant chlorination aids grease removal, prevents filter 
ponding and minimizes sludge bulking. Disinfection of the 

luent is ensured by post-chlorination—especially impor- 
tant where fulj treatment facilities are limited. 

These are practical reasons why more and more com- 
munities are using W&T Chicrinators both to temporarily 
increase plant capacity and to ensure better operation of a 
future, expanded plant, 
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